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7.1 Kick off with CAS
Finance Solver

A reducing balance loan has regular repayments made during the life of the loan, with 
the interest being charged on the reducing balance of the loan.

We can use the annuities formula to fi nd the amount still owing at any point during 
the life of a reducing balance loan.

Vn = V0 
Rn −

d(Rn − 1)

R − 1
where:

V0 = the amount borrowed (principal)
R = 1 + r

100
 (r = the interest rate per repayment period)

d =  the amount of the regular payments made per period

n = the number of payments

Vn = the amount owing after n payments

1 Sylvia borrowed $15 000 exactly 21
2

 years ago, with regular monthly repayments 

of $435. Interest is charged at 6.6% p.a. (adjusted monthly). Use CAS to defi ne 
the annuities formula and calculate how much is still owing on Sylvia’s loan.

2 Juliana is repaying a $3500 loan over 3 years with monthly instalments at 
7.2% p.a. (adjusted monthly). Use the annuities formula to determine how 
much the monthly payments Juliana has to make are.

3 Calculate the answers to questions 1 and 2 using Finance Solver on your CAS.

Use Finance Solver on your CAS to answer questions 4 and 5.

4 Mohammed is repaying a $40 000 loan of 12 years with quarterly instalments at 
6.3% p.a. (adjusted quarterly). How much does Mohammed still owe  after 4 years?

5 Georgio took out a $22 000 loan with interest charged at 7.8% p.a. (adjusted 
monthly). He has made regular monthly repayments of $440.33. If he still owes 
$14 209.88, how long ago was the loan taken out?

Please refer to 
the Resources 
tab in the Prelims 
section of your 
eBookPLUS for 
a comprehensive 
step-by-step 
guide on how to 
use your CAS 
technology.
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Reducing balance loans I
Annuities
An annuity is an investment or a loan that has regular and constant payments over a 
period of time. Let’s first look at this as a recurrence relation that calculates the value 
of an annuity after each time period.

Vn  +   1 = VnR − d

where:

Vn  +  1 = Amount left after n + 1 payments

Vn = Amount at time n 

R =  1 + r
100

, where r is the interest rate per period

d = Payment amount
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7.2

When we invest money with a financial institution the institution pays us interest 
because it is using our money to lend to others. Conversely, when we borrow money 
from an institution we are using the institution’s money and so it charges us interest.

In reducing balance loans, interest is usually charged every month by the financial 
institution and repayments are made by the borrower on a regular basis. These 
repayments nearly always amount to more than the interest for the same period 
of time and so the amount still owing is reduced. Since the amount still owing is 
continually decreasing and interest is calculated on the current balance but debited 
monthly, the amount of interest charged also decreases throughout the life of the loan.

This means that less of the amount borrowed is paid off in the early stages of the loan 
compared to the end. If we graphed the amount owing against time for a loan it would 
look like the graph at right. That is, the rate at which the loan is paid off increases as 
the loan progresses.

The terms below are often used when talking about reducing 
balance loans:

Principal, V0 = amount borrowed ($)
Balance, Vn = amount still owing ($)
Term = life of the loan (years)
To discharge a loan = to pay off a loan (that is, Vn = $0).

It is possible to have an ‘interest only’ loan account whereby the repayments equal 
the interest added and so the balance doesn’t reduce. This option is available to 
a borrower who wants to make the smallest repayment possible.

Although the focus of this section is reducing balance loans, note that the theory 
behind reducing balance loans can also be applied to other situations such as 
superannuation payouts, for people during retirement, and bursaries. In each of these 
situations a lump sum is realised at the start of a period of time and regular payments 
are made during that time. Regular payments are called annuities. So these situations 
are often called annuities in arrears because the annuity follows the realisation of 
the lump sum.

Unit 3

AOS R&FM

Topic 2

Concept 6

Reducing balance  
loans
Concept summary 
Practice questions

Time

A
m

ou
nt

 o
w

in
g

P

294 MATHS QUEST 12 FURTHER MATHEMATICS VCE Units 3 and 4

UNCOREECTED P
AGE P

ROOFS



A loan of $100 000 is taken out over 15 years at a rate of 7.5% p.a. ( interest 
debited monthly) and is to be paid back monthly with $927 instalments. 
 Complete the table below for the first five payments.

n  +  1 Vn d Vn  +  1

1 $100 000

2

3

4

5

THINK WRITE

1 State the initial values for 
V0, r and d.

V0 = $100 000

r = 7.5
12

= 0.625
d = $927

2 Evaluate V1. Vn+1 = Vn 1 + r
100

− d

V1 = 100 000 1 + 0.625
100

− 927

= $99 698

3 Evaluate V2. Vn+1 = Vn 1 + r
100

− d

V2 = 99 698 1 + 0.625
100

− 927

= $99 394.11

4 Evaluate V3. Vn+1 = Vn 1 + r
100

− d

V3 = 99 394.11 1 + 0.625
100

− 927

= $99 088.32

5 Evaluate V4. Vn+1 = Vn 1 + r
100

− d

V4 = 99 088.32 1 + 0.625
100

− 927

= $98 780.62

6 Evaluate V5. Vn+1 = Vn 1 + r
100

− d

V4 = 98 780.62 1 + 0.625
100

− 927

= $98 471.00

WoRKEd 
EXAMPLE 11111111
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The annuities formula
The annuities formula can be used to fi nd the amount still owing at any point in time 
during the term of a reducing balance loan. When a consumer borrows money from 
a fi nancial institution, that person contracts to make regular payments or annuities in 
order to repay the sum borrowed over time.

The amount owing in a loan account for n repayments is given by the annuities formula:

Vn = V0 
Rn −

d(Rn − 1)

R − 1
where:

V0 = the amount borrowed (principal)
R = the compounding or growth factor for the amount borrowed

 = 1 + r
100

 (r = the interest rate per repayment period)

d = the amount of the regular payments made per period

n = the number of payments

Vn = the amount owing after n payments

Note: Showing how the annuities formula is developed is not required in the Further 
Mathematics course.

A loan of $50 000 is taken out over 20 years at a rate of 6% p.a. (interest 
 debited monthly) and is to be repaid with monthly instalments of $358.22. 
Find the amount still owing after 10 years.

THINK WRITE

1 State the loan amount, V0, and the regular 
repayment, d.

V0 = 50 000
d = 358.22

2 Find the number of payments, n, the 
interest rate per month, r, and the 
growth factor, R.

n = 10 × 12
= 120

r = 6
12

= 0.5
R = 1 + r

100
= 1.005

WoRKEd 
EXAMPLE 22222222

7 Complete the table. n  +  1 Vn d Vn  +  1

1 V0 = $100 000 $927 V1 = $99 698

2 V1 = $99 698 $927 V2 = $99 394.11

3 V2 = $99 394.11 $927 V3 = $99 088.32

4 V3 = $99 088.32 $927 V4 = $98 780.62

5 V4 = $98 780.62 $927 V5 = $98 471.00
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Note that, even though 10 years is the halfway point of the term of the loan, more 
than half of the original $50 000 is still owing.

Finance Solver or your CAS can be used in calculations involving the annuities 
formula in the same way it was used in compound interest calculations.

Rob wants to borrow $2800 for a new sound system at 7.5% p.a., interest 
 adjusted monthly.

a What would be Rob’s monthly repayment if the loan is fully repaid in
11

2
 years?

b What would be the total interest charged?

THINK WRITE

a 1 State the value of V0, n, r and R. a V0 = 2800
n = 18

r = 7.5
12

= 0.625

R = 1 + 0.625
100

= 1.006 25

2 Substitute into the annuities formula to 
fi nd the regular monthly repayment, d.

d =
V0 

Rn(R − 1)

Rn − 1

=
2800(1.006 25)18(1.006 25 − 1)

1.006 2518 − 1

3 Evaluate d. d = $164.95

4 Write a statement. The monthly regular payment is $164.95 over 
18 months.

b 1 Total interest =  total repayments 
− amount borrowed

b Total interest = 164.95 × 18 − 2800
= 2969.10 − 2800
= $169.10

2 Write a statement. The total interest on the $2800 loan over 
18 months is $169.10.

WoRKEd 
EXAMPLE 33333333

3 Substitute into the annuities formula. V120 = V0 
Rn − d(Rn − 1)

R − 1

= 50 000(1.005)120 − 358.22(1.005120 − 1)
1.005 − 1

4 Evaluate V120. V120 = $32 264.98

5 Write a statement. The amount still owing after 10 years will be 
$32 264.98.

Note: If R is a recurring decimal, place the value in memory and bracket R if needed when 
evaluating Vn.
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Josh borrows $12 000 for some home office equipment. He agrees to  repay 
the loan over 4 years with monthly instalments at 7.8% p.a. ( adjusted 
 monthly). Find:

a the instalment value

b the principal repaid and interest paid during the:

i 10th repayment ii 40th  repayment.

THINK WRITE

a 1 State the value of V0, n, r and R. a V0 = 12 000
n = 4 × 12

= 48

r = 7.8
12

= 0.65

R = 1 + 0.65
100

= 1.0065

2 Substitute into the annuities formula to 
fi nd the monthly repayment, d.

d =
V0 

Rn(R − 1)

Rn − 1

=
12 000(1.0065)48(1.0065 − 1)

1.006548 − 1

3 Evaluate d. d = $291.83

4 Write a statement. The monthly repayment over a 4-year period is 
$291.83.

b i 1 Find the amount owing after 9 months.

(a) State V0, n, R.

(b) Substitute into the annuities formula.

b i

V0 = 12 000, n = 9, R = 1.0065

Vn = V0 
Rn −

d(Rn − 1)

R − 1

V9 = 12 000(1.0065)9 −
291.83(1.00659 − 1)

1.0065 − 1

2 Evaluate V9. V9 = $10 024.73

3 Find the amount owing after 10 months. 
Substitute (change n = 9 to n = 10) 
and evaluate.

V10 = 12 000(1.0065)10 −
291.83(1.006510 − 1)

1.0065 − 1
= $9798.06

4 Principal repaid = V9 − V10 Principal repaid = 10 024.73 − 9798.06
= $226.67

5 Interest paid = repayment 
        − principal repaid

Total interest = $291.83 − 226.67
= $65.16

 6 Write a statement. In the 10th repayment, $226.67 principal is 
repaid and $65.16 interest is paid.

WoRKEd 
EXAMPLE 44444444
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ii 1 Repeat steps 1–6 for V39 and V40. ii V39 = 12 000(1.0065)39 −
291.83(1.006539 − 1)

1.0065 − 1

= $2543.10

V40 = 12 000(1.0065)40 −
291.83(1.006540 − 1)

1.0065 − 1
V40 = $2267.80
Principal repaid = V39 − V40

= 2543.10 − 2267.80
= $275.30

Interest = 291.83 − 275.30
= $16.53

2 Write a statement. In the 40th repayment, $275.30 principal is 
repaid and $16.53 interest is paid.

Reducing balance loans I
1  WE1  A loan of $25 000 is taken out over 10 years at a rate of 5.5% p.a. ( interest 

 debited monthly) and is to be paid back monthly with $271.32 instalments. 
 Complete the table below for the first five payments.

n  +  1 Vn d Vn  +  1

1 $25 000

2

3

4

5

2 Paul wanted to buy a new road bike so he took out a  
$10 000 loan over 6 years at a rate of 8% p.a. ( interest 
debited quarterly) and is to be paid back  quarterly 
with instalments of $528.71. Complete the table 
 below for the first five payments and state how much 
he owes at the end of this time.

n  +  1 Vn d Vn  +  1

1 10 000

2

3

4

5

3 WE2  Use the annuities formula,

Vn = V0 
Rn −

d(Rn − 1)

R − 1
, to find Vn, given the following.  

V0 = $300, r = 1%, d = $9 p.a., n = 36

EXERCISE 7.2

PRACTISE
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4 Use the annuities formula,

Vn = V0 
Rn −

d(Rn − 1)

R − 1
, to find Vn, given the following.  

V0 = $1450, R = 1.001, n = 20, d = $75

5 WE3  Macca wants to borrow $3500 for a new motorbike at 6.8% p.a., interest 
adjusted monthly.

a What would be Macca’s monthly repayment if the loan is fully repaid 
in 2 years?

b What would be the total interest charged?

6 Willow wants to borrow $2400 for a new computer at 6.3% p.a., interest 
adjusted monthly.

a What would be Willow’s monthly repayment if the loan is fully repaid 
in 2 years?

b What would be the total interest charged?

7 WE4  Grace has borrowed $18 000 to buy a car. She agrees to repay the reducing 
balance loan over 5 years with monthly instalments at 8.1% p.a. (adjusted 
monthly). Find:

a the instalment value
b the principal repaid and the interest paid during:

i the 10th repayment ii the 50th repayment.

8 Sarah borrows $8000 for an overseas holiday. She agrees to repay the loan over 
4 years with monthly instalments at 6.8% p.a. (adjusted monthly). Find:

a the instalment value.
b the principal repaid and interest paid during the:

i 10th repayment ii 40th repayment.

9 Tamara took out a loan for $23 000 to pay for  
her wedding over 7 years at a rate of 6.5% p.a. 
(interest debited monthly), which is to be paid 
back monthly with instalments of $341.54.

a Write down a recurrence relation to model 
this loan.

b Use your recurrence relation to find 
how much Tamara owes after her third 
 payment was made.

10 Noah took out a personal loan of $2000 to buy a new air conditioning unit, with 
the loan having an interest rate of 12% p.a. He will repay the loan with 8 equal 
monthly payments of $261.

a Write down a recurrence relation to model this loan.
b Use the recurrence relation to determine how much is still owed after 4 months 

(4 payments).
c Is the loan paid out exactly after 8 months? If not, how much will Noah need to 

add to the last payment to fully repay the loan?

11 A loan of $65 000 is taken out over 20 years at a rate of 12% p.a. (interest debited 
monthly) and is to be repaid with monthly instalments of $715.71. Find the 
amount still owing after:

a 5 years b 10 years c 15 years.

CONSOLIDATE
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12 A loan of $52 000 is taken out over 15 years at a rate of 13% p.a. (interest debited 
fortnightly) and is to be repaid with fortnightly instalments of $303.37. Find the 
amount still owing after:

a 4 years
b 8 years
c 12 years.

13 Link borrows $48 000, taken out over 10 years and to be repaid in monthly 
instalments. (Note: As the interest rate increases, the monthly repayment increases 
if the loan period is to remain the same.) Find the amount still owing after 5 years 
if interest is debited monthly at a rate of:

a 6% p.a. and the repayment is $532.90
b 9% p.a. and the repayment is $608.04
c 12% p.a. and the repayment is $688.66.

14 Peter wants to borrow $8000 for a second-hand car and his bank offers him 
a personal loan for that amount at an interest rate of 13% p.a., interest debited 
fortnightly, with fortnightly repayments of $124.11 over 3 years. After 2 years 
he wants to calculate how much he still owes by using the annuities formula.

a Which of the following equations should  
he use?

A V78 = 8000(1.005)78 − 
124.11(1.00578 − 1)

1.005 − 1

B V52 = 8000(1.05)52 − 
124.11(1.0552 − 1)

1.05 − 1

C V52 = 8000(1.005)52 − 
124.11(1.00552 − 1)

1.005 − 1

D V78 = 8000(1.05)78 − 
124.11(1.0578 − 1)

1.05 − 1

E V52 = 8000(0.005)52 − 
124.11(1.0552 − 1)

1.005 − 1

b The actual amount that Peter still owes after 2 years is closest to:
A $2500 B $3000 C $3500
D $4000 E $4500

15 Ben took out a loan for $20 000 to buy a new car. The contract required that he 
repay the loan over 5 years with monthly instalments of $421.02. After 2 

1
2
 years 

Ben used the annuities formula to obtain the expression below to calculate the 
amount he still owed.

V30 = 20 000(1.008)30 −
421.02(1.00830 − 1)

0.008

The interest rate per annum charged by the bank for this reducing balance loan is:

A 1.008% B 0.008% C 0.096%
D 9.6% E 12.096%

Topic 7 LoAnS, InVESTMEnTS And ASSET VALUES 301

UNCOREECTED P
AGE P

ROOFS



16 Sergio’s reducing balance loan of $12 000 has interest charged at 9% p.a., interest 
adjusted monthly. Find:

i the monthly repayment ii the total interest charged

if the loan is fully repaid in:

a 2 years b 3 years

c 4 years d 4 
1
2
 years.

17 A loan of $94 000 is to be repaid over 20 years. Find:

i the repayment value ii the total interest charged

if the loan is repaid:

a weekly at 13% p.a., interest adjusted weekly
b fortnightly at 13% p.a., interest adjusted fortnightly
c monthly at 13% p.a., interest adjusted monthly
d quarterly at 13% p.a., interest adjusted quarterly.

18 Which of the following would decrease the total amount of interest paid during 
the life of a loan? (There may be more than one answer.)

A A fall in the interest rate
B A decrease in the frequency of repayments
C A greater amount borrowed
D A decrease in the term of the loan
E A rise in the interest rate

19 Gail has agreed to repay a $74 000 reducing balance loan with fortnightly 
instalments over 20 years at 9.75% p.a. (adjusted fortnightly). Find:

a the instalment value
b the principal repaid and the interest paid during:

i the 1st repayment ii the 500th repayment.

20 Terry is repaying a $52 000 loan over 15 years with quarterly instalments at 
6.25% p.a. (adjusted quarterly). Currently, 5 

1
2
 years have passed since the loan 

was drawn down (money borrowed). How much does Terry still owe?

MASTER

A reducing balance loan of $60 000 is to be repaid with monthly 
 instalments of $483.36 at an interest rate of 7.5% p.a. (debited monthly). 
Find:

a the number of monthly repayments (and, hence, the term of the loan in 
more meaningful units) needed to repay the loan in full

b the total interest charged.

WoRKEd 
EXAMPLE 55555555

7.3 Reducing balance loans II
number of repayments
The situation often arises in reducing balance loans when a potential borrower knows 
how much needs to be borrowed as well as the amount that can be repaid each month. 
The person then wants to know how long the loan needs to be to accommodate these 
conditions, that is, to determine the number of repayments, n, required. As with 
compound interest, n is calculated using Finance Solver on your CAS.
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Sometimes we may want to fi nd the time for only part of the loan term. The 
procedure that is followed is the same as in Worked example 5; however, Vn is zero 
only if we are calculating the time to repay the loan in full. Otherwise we should 
consider the amount still owing at that time.

Some time ago, Petra borrowed $14 000 to buy a car. Interest on this  reducing 
balance loan has been charged at 9.2% p.a. (adjusted monthly) and she has 
been paying $446.50 each month to service the loan. Currently she still owes 
$9753.92. How long ago did Petra borrow the money?

THINK WRITE

1 Identify Vn, V0, d and r and enter the following 
values into Finance Solver on your CAS:

n (N:) = unknown

r (I(%):) = 9.2

V0 (PV:) = 14 000

d (Pmt:) = −446.50

Vn (FV:) = −9753.92

PpY: = 12 (monthly payments)

CpY: = 12 (monthly compounds)

n = 11.999 995 037 662

2 Solve for n. n = 12 months

3 Interpret the results. Time = 1 year

4 Write a statement. Petra has had the loan for the past 12 months.

WoRKEd 
EXAMPLE 66666666

THINK WRITE

a 1 Using Finance Solver on your CAS 
enter the appropriate values:

n (N:) = unknown

r (I(%):) = 7.5

V0 (PV:) = 60 000

d (Pmt:) = −483.36

Vn (FV:) = 0

PpY: = 12 (monthly)

CpY: = 12 (monthly)

a n = 239.995 307 038 33

2 Solve for n. n = 240 months

3 Interpret the results. Time = 240
12

 years

= 20 years

4 Write a statement. Term of loan needed is 20 years.

b 1 Total interest = Total repayments
       − Principal repaid

b Interest = 483.36 × 240 − 60 000
= $56 006.40

2 Write a statement. Total interest charged on the loan is $56 006.40.
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Effects of changing the repayment
Since most loans are taken over a long period of time it is probable that a borrower’s 
fi nancial situation will change during this time. For instance, a borrower may receive 
a pay rise and so their take home pay is greater per week or fortnight. The person 
may then choose to increase the value of the repayments made to service the loan.

It may also be that a person’s fi nancial situation deteriorates, in which case he/she 
may request from their institution that the repayment value be decreased.

In the situations investigated so far, we have considered calculating only the time 
from the start of the loan to a later date (including repayment in full). In fact, it 
doesn’t matter what period of the loan is considered; we can still use Finance Solver 
as we have already done. In using CAS to do this, we can use Vn and V0 such that 
they have the following meanings:

Vn = amount owing at the end of the time period

V0 = amount owing at the start of the time period.

A loan of $11 000 is being repaid by monthly instalments of $362.74 with 
 interest being charged at 11.5% p.a. (debited monthly). Currently, the amount 
owing is $7744.05. How much longer will it take to:

a reduce the amount outstanding to $2105.11

b repay the loan in full?

THINK WRITE

a 1 Let V0 be the amount still owing at the start 
of the time period. State Vn, V0, d and r.

a Vn = 2105.11, V0 = 7744.05, Q = 362.74,
r = 11.5% p.a.

2 Using the Finance Solver on your CAS, enter 
the following values:

n (N:) = unknown

r (I(%):) = 11.5

V0 (PV:) = 7744.05

d (Pmt:) = −362.74

Vn (FV:) = −2105.11

PpY: = 12

CpY: = 12

n = 17.999 988 603 29

3 Solve for n. n = 18 months

4 Interpret the results and write a statement. It will take another 11
2
 years to reduce the 

amount owing to $2105.11.

b 1 Repeat part a, entering the appropriate 
values into Finance Solver. Enter FV: = 0 to 
represent the loan is fully repaid.

b n = 23.999 534 856 457
= 24 months

2 Write a statement. It will take another 2 years to repay the loan 
in full.

WoRKEd 
EXAMPLE 77777777
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In this section we will look at the effect that changing the repayment value has on the 
term of the loan and the total interest paid.

A reducing balance loan of $16 000 has a term of 5 years. It is to be repaid by 
monthly instalments at a rate of 8.4% p.a. (debited monthly).

a Find the repayment value.

b What will be the term of the loan if the repayment is increased to $393.62?

c Calculate the total interest paid for repayments of $393.62.

d By how much does the interest figure in c differ from that paid for the 
 original offer?

THINK WRITE

a 1 (a) Write the equation for d.

   (b)  Give the values of V0, n, r 
and R.

a d =
V0  

Rn(R − 1)

Rn − 1
V0 = 16 000, n = 5 × 12

= 60
r = 8.4

12
= 0.7

R = 1.007

2 Substitute into the annuities 
formula to evaluate d.

d =
16 000(1.007)60(1.007 − 1)

1.00760 − 1
= $327.49

3 Write a statement. $16 000 to be paid off in 5 years at 8.4% p.a. will 
need monthly repayments of $327.49.

b 1 Using Finance Solver on your 
CAS, enter the following values:

n (N:) = unknown

r (I(%):) = 8.4

V0 (PV:) = 16 000

d (Pmt:) = −393.62

Vn (FV:) = 0

PpY: = 12

CpY: = 12

b n = 47.999 695 088 867

2 Solve for n. n = 48 months

3 Interpret the results. Time = 48
12

 years

= 4 years

4 Write a statement. The new term of the loan would be 4 years.

c Interest paid = total repayments
        − principal repaid

c When term = 4 years, d = 393.62.
Interest = 48 × 393.62 − 16 000

= $2893.76

WoRKEd 
EXAMPLE 88888888
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If a borrower does increase the value of each repayment and if all other variables 
remain the same, then the term of the loan is reduced. Conversely, a decrease in the 
repayment value increases the term of the loan. There are two stages to the loan, each 
with a different repayment.

Brad borrowed $22 000 to start a business and agreed to repay the loan 
over 10 years with quarterly instalments of $783.22 and interest debited at 
7.4% p.a. However, after 6 years of the loan Brad decided to increase the 
 repayment value to $879.59. Find:

a the actual term of the loan

b the total interest paid

c the interest savings achieved by increasing the repayment value.

THINK WRITE

a 1 To fi nd A after 6 years:

(a) First identify V0, d, n, r and R.

(b) Find V24 (the balance owing 
 after 6 years).

a

V0 = 22 000, d = 783.22
n = 6 × 4

= 24

r = 7.4
4

= 1.85
R = 1.0185

V24 = 22 000(1.0185)24 −
783.22(1.018524 − 1)

1.0185 − 1
= $10 761.83

2 Now fi nd the n value to reduce $10 761.83 
to zero; that is, the remaining part of the 
loan. Identify V0 and d.

V0 = 10 761.83, d = 879.59

3 Using Finance Solver, enter the 
appropriate values.

n (N:) = unknown

r (I(%):) = 7.4

V0 (PV:) = 10 761.9

d (Pmt:) = −879.59

Vn (FV:) = 0

PpY: = 4

CpY: = 4

n = 14.000 122 313 731

WoRKEd 
EXAMPLE 99999999

d 1 (a) Review the known quantities.

   (b) Find the interest difference.

d When term = 5 years, d = 327.49.
Interest = 60 × 327.49 − 16 000

= $3649.40
Interest difference = 3649.40 − 2893.76

= $755.64

2 Write a statement. If the repayment is increased from $327.49 to $393.62 
per month then $755.64 is saved in interest payments.
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Reducing balance loans II
1 WE5  A reducing balance loan of $50 000 is to be repaid with monthly instalments 

of $424.52 at an interest rate of 7% p.a. (debited monthly). Find:

a the number of monthly repayments (and, hence, the term of the loan in more 
meaningful units) needed to repay the loan in full

b the total interest charged.

2 A loan of $2400 is taken out with a reducing balance interest rate of 4.5% per annum 
with interest debited monthly. The borrower wishes to pay instalments of $154.82 
per month. What, correct to the nearest month, would be the term of such a loan?

3 WE6  Simon borrowed $8000. Interest on this reducing balance loan has been 
charged at 8.7% p.a. (adjusted monthly) and he has been paying $368.45 each 
month to service the loan. Currently he still owes $5489.56. How long ago did 
Simon borrow the money?

4 Simon borrowed $11 000. Interest on this reducing balance loan has been charged 
at 6.5% p.a. (adjusted monthly) and he has been paying $409.50 each month 
to service the loan. Currently he still owes $5565.48. How long ago did Simon 
borrow the money?

5 WE7  A loan of $15 000 is being repaid by monthly instalments of $423.82 with 
interest being charged at 11.5% p.a. (debited monthly). Currently, the amount 
owing is $8357.65. How much longer will it take to:

a reduce the amount outstanding to $2450.15
b repay the loan in full?

6 A loan of $9000 is being repaid by monthly instalments of $273.56 with interest 
being charged at 8.8% p.a. (debited monthly). Currently, the amount owing is 
$6900.86. How much longer will it take to:

a reduce the amount outstanding to $1670.48
b repay the loan in full?

EXERCISE 7.3

PRACTISE

4 Solve for n. n = 14 quarters

5 Interpret the results. Time = 31
2
 years

6 Find the total term of the loan. Total term = 6 + 31
2

= 91
2
 years

b  For the two-repayment scenario:

Interest paid = Total repayments  
           − Principal repaid

In this case, in two stages.

b For the two-repayment scenario:

Interest = 783.22 × 24 + 879.59 ×14 − 22 000
= $9111.54

c 1 For the same repayment scenario:  
d = 783.22 for 10 years.

c For the same repayment scenario:
Interest = 783.22 × 40 − 22 000

= $9328.80

2 Find the difference between the two 
scenarios.

Interest difference = 9328.80 − 9111.54
= $217.26

3 Write a statement. Brad will save $217.26 interest by increasing 
his repayment value.
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7 WE8  A reducing balance loan of $18 000 has a term of 5 years. It is to be repaid 
by monthly instalments at a rate of 7.8% p.a. (debited monthly).

a Find the repayment value.
b What will be the term of the loan if the repayment is increased to $390.50?
c Calculate the total interest paid for repayments of $390.50.
d By how much does the interest figure in c differ from that paid for the 

 original offer?

8 A reducing balance loan of $25 000 has a term of 5 years. It is to be repaid by 
fortnightly instalments at a rate of 6.5% p.a. (debited fortnightly).

a Find the repayment value.
b What will be the term of the loan if the repayment is increased to $245?
c Calculate the total interest paid for repayments of $245.
d By how much does the interest figure in c differ from that paid for the 

 original offer?

9 WE9  James borrowed $21 000 for some home renovations and agreed to pay the 
loan over 7.5 years with quarterly instalments of $899.41 and interest debited 
at 6.8% p.a. However, after 6 years of the loan James decided to increase the 
repayment value to $1070.41. Find:

a the actual term of the loan
b the total interest paid
c the interest savings achieved by increasing the repayment value.

10 Gabriel borrowed $17 000 for some new furniture and agreed to pay the loan over 
8 years with quarterly instalments of $670.29 and interest debited at 5.9% p.a. 
However, after 6 years of the loan Gabriel decided to increase the repayment value 
to $1724.02. Find:

a the actual term of the loan
b the total interest paid
c the interest savings achieved by increasing the repayment value.

11 Jim has a reducing balance loan of $3500 that he is using for a holiday and 
has agreed to repay it by monthly instalments of $206.35 at a rate of 7.6% p.a. 
(interest debited monthly). Find:

a the number of repayments needed to repay in full and this time in years
b the total interest charged.

12 Aimee has borrowed $5500 for some new outdoor 
furniture. She is to repay the reducing balance loan by 
quarterly instalments of $861.29 with interest debited 
quarterly at 9.4% p.a. Find:

a how long it will take Aimee to repay the loan in full
b the total interest charged.

13 Melpomeni’s loan of $22 000 was taken out some time 
ago. Interest has been charged at 7.8% p.a. (adjusted 
monthly) and monthly repayments of $443.98 have 
serviced the loan. If the amount still owing is $14 209.88:

a how long ago was the loan taken out
b what was the term of the loan?

CONSOLIDATE
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14 Some time ago, Elizabeth took out a loan of $25 000. Interest has been charged at 
10.5% p.a. (adjusted monthly) and monthly repayments of $537.35 have serviced 
the loan. If the amount still owing is $11 586.64:

a how long ago was the loan taken out
b what was the term of the loan?

15 A reducing balance loan of $80 000 is taken out at 7.9% p.a. (adjusted monthly) 
to finance the purchase of a boat. It is to be repaid with monthly instalments of 
$639.84. The loan will be paid in full in:

A 10 years B 15 years C 20 years D 22 years E 25 years

16 Stuart has decided to borrow $85 000 to set up a business that makes garden 
ornaments. He will repay this amount plus interest, charged at 6.6% p.a. (debited 
monthly), over 20 years with monthly instalments of $638.75. If he wanted to use 
the annuities formula to find out how long it would be before the amount he still 
owed fell below $50 000, the equation that he should use is:

A 50 000 = 85 000(1.0055)n − 
638.75(1.0055240 − 1)

1.0055 − 1

B 50 000 = 85 000(1.0055)n − 
638.75(1.0055n − 1)

1.0055 − 1

C 85 000 = 50 000(1.0055)n − 
638.75(1.0055n − 1)

1.0055 − 1

D 0 = 85 000(1.0055)n − 
638.75(1.0055n − 1)

1.0055 − 1

E 0 = 85 000(1.0055)n − 
638.75(1.0055n − 1)

1.0055 − 1

17 Gila’s reducing balance loan of $9000 is to be repaid by monthly instalments of 
$230.43 with interest charged at 10.5% p.a. (debited monthly).

a Currently, the amount owing is $8069.78. How much longer will it take to:
i reduce the amount owing to $3822.20 ii repay the loan in full?

b Some time later the amount owing has fallen to $3226.06. How much longer 
will it take to:
i reduce the amount owing to $1341.23 ii repay the loan in full?

18 Megan wanted to borrow $50 000 and was offered a reducing balance loan over 
20 years at 6.9% p.a. (adjusted monthly) with monthly instalments.

a What will be the monthly repayment value?
b What would be the term of the loan if instead the repayment was:

i increased to $577.97 ii increased to $486.33
iii decreased to $361.85 iv decreased to $352.90?

c In each case in b above, calculate the total interest paid.
d For each case above, calculate the interest difference from the original offer.

19 Jack borrowed $20 000 and agreed to repay the loan over 10 years with quarterly 
instalments of $750.48 with interest debited quarterly at 8.6% p.a. However, after 
5 years he decided to increase the repayment value. Find:

i the actual term of the loan
ii the total interest paid
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iii the interest saving achieved by increasing the repayment if the quarterly 
 repayment was increased to:
a $901.48 b $1154.34.

20 Robin borrowed $25 000 and agreed to repay this reducing balance loan over 
10 years with quarterly instalments of $975.06, interest being charged at 9.5% p.a. 
After 4 years Robin increased her repayment value to $1167.17. The term of her 
loan will be closest to:

A 6 years B 7 years C 8 years D 9 years E 10 years

21 A loan of $25 000 is repaid in 2 stages over 8 
3
4
 years with quarterly instalments. 

For the fi rst 4 years the repayment was $975.06 and was increased to $1167.17 for 
the remaining time. The total amount of interest charged would be closest to:

A $9000 B $10 000 C $11 000 D $12 000 E $13 000

22 Anne is repaying a $26 000 loan over 8 years with monthly instalments of $383.61 at 
9.2% p.a., debited monthly on the outstanding balance. She has made 2 years’ worth 
of repayments but would like to repay the loan in full in the next 5 years. Find:

a the amount that she still owes
b the monthly repayment value needed to repay in full.

MASTER

7.4 Reducing balance loans III
When paying off a loan it is often wise to follow its progress through the life of 
the loan. The amortisation of the loan can be tracked on a step-by-step basis by 
following the payments made, the interest and reduction in the principal.

Sharyn takes out a loan of $5500 to pay for solar heating for her pool. The 
loan is to be paid in full over 3 years with quarterly payments at 6% p.a.

a Calculate the quarterly payment required.

b Complete an amortisation table for the loan with the following headings.

Payment no.
Principal 

outstanding ($) Interest due ($) Payment ($)
Loan 

outstanding ($)

1 5500

THINK WRITE

a Using Finance Solver, enter 
the appropriate values.

n (N:) = 12

r (I(%):) = 6

V0 (PV:) = −5500

d (Pmt:) = unknown

Vn (FV:) = 0

PpY: = 4

CpY: = 4

a  d = 504.239…
So the quarterly payments are $504.24. 

WoRKEd 
EXAMPLE 1010101010101010
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Frequency of repayments
In this section we investigate the effect on the actual term of the loan, and on the total 
amount of interest charged, of making more frequent repayments. While the value of 
the repayment will change, the actual outlay will not. For example, a $3000 quarterly 
(each 3 months) repayment will be compared to a $1000 monthly repayment. That is, 
the same amount is repaid during the same period of time in each case. So the only 

b 1 Place $504.24 in 
the first payment 
column. Calculate the 
interest with the initial 
principal of $5500. 
Loan outstanding is the 
addition of principal and 
interest less the payment 
made. Complete the first 
line as shown.

b  I = 5500 0.06
4

= 82.50

Payment
Principal  

outstanding ($)
Interest  
due ($) Payment ($)

Loan  
outstanding ($)

1 5500 82.50 504.24 5078.26

2 Complete the following:  
Principal outstanding  
  = previous loan

Interest due: calculated 
as previous with the 
new principal

Payment: stays the same  
Loan outstanding  
  =  principal + interest  

− payment

Payment
Principal 

outstanding ($)
Interest  
due ($) Payment ($)

Loan 
outstanding ($)

1 5500 82.50 504.24 5078.26

2 5078.26 76.17 504.24 4650.19

3 Complete the 
table following the 
previous steps.

Payment
Principal 

outstanding ($)
Interest  
due ($) Payment ($)

Loan 
outstanding ($)

 1 5500 82.50 504.24 5078.26

 2 5078.26 76.17 504.24 4650.19

 3 4650.19 69.75 504.24 4215.70

 4 4215.70 63.24 504.24 3774.70

 5 3774.70 56.62 504.24 3327.08

 6 3327.08 49.91 504.24 2872.75

 7 2872.75 43.09 504.24 2411.60

 8 2411.60 36.17 504.24 1943.53

 9 1943.53 29.15 504.24 1468.44

10 1468.44 22.03 504.24 986.23

11 986.23 14.79 504.24 496.78

12 496.78 7.45 504.24 −0.01
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variable will be how often repayments are made. In all cases in this section interest 
will be charged just before a repayment is made, although this may not be the case 
in practice.

Tessa wants to buy a dress shop. She borrows $15 000 at 8.5% p.a. (debited 
prior to each repayment) of the reducing balance. She can afford quarterly 
repayments of $928.45 and this will pay the loan in full in exactly 5 years.

One-third of the quarterly repayment gives the equivalent monthly  repayment 
of $309.48. The equivalent fortnightly repayment is $142.84.

Find:

i the term of the loan and

ii the amount still owing prior to the last payment if Tessa made  repayments:

a monthly
b fortnightly.

THINK WRITE

a i 1 Identify the given values. Enter the appropriate 
values using Finance Solver. Remember that

PpY: = 12 and

CpY: = 12

for monthly repayments.

a i For monthly repayments:
V0 = 15 000, d = 309.48, 
   I = 8.5% p.a., n = ?

2 Solve for n. n = 59.582 518 723 273

3 The value obtained for n is 59.58 which means 
that a 60th repayment is required. That is, n = 60.

n = 60 months
Term of loan = 5 years

ii 1 To fi nd the amount still owing prior to the 
last payment, fi nd Vn when n = 59. Enter the 
appropriate values using Finance Solver:

n = 59

I = 8.5

PV = 15 000

Pmt = −309.48

PpY: = 12

CpY: = 12

ii V59 = −179.273 603 537 66

2 Solve for V59.

3 State the amount still owing. The amount still owing prior to the 
last payment is $179.27.

b i 1 Enter the appropriate values using Finance Solver 
on your CAS. Remember that

PpY: = 26 and

CpY: = 26

for fortnightly repayments.

b i For fortnightly repayments:
V0 = 15 000, d = 142.84,
   I = 8.5% p.a., n = ?

WoRKEd 
EXAMPLE 1111111111111111
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It can be seen from Worked example 11 that while the same outlay is maintained 
there may be a slight decrease in the term of a loan when repayments are made more 
often. Let us now fi nd what the saving is for such a loan. In this situation we should 
consider the fi nal (partial) payment separately because the amount of interest that it 
attracts is less than a complete repayment, d.

The calculation of the total interest paid is now calculated as usual:

Total interest = total repayments − principal repaid.

In Worked example 11, Tessa’s $15 000 loan at 8.5% p.a. gave the following 
three scenarios:

1. quarterly repayments of $928.45 for 5 years

2. monthly repayments of $309.48 for 59 months with $179.27 still 
 outstanding

3. fortnightly repayments of $142.84 for 128 fortnights with $120.64 still 
 owing.

Compare the total interest paid by Tessa if she repaid her loan:

a quarterly  b monthly  c fortnightly.

THINK WRITE

a For quarterly repayments

Total interest = total repayments 
       − principal repaid

a For quarterly repayments:

total interest = 928.45 × 20 − 15 000
= $3569

WoRKEd 
EXAMPLE 1212121212121212

2 Solve for n.   n = 128.847 104 593 38

3 The value obtained for n is 128.85 which means 
that a 129th repayment is required.

  That is, n = 129.

n = 129 fortnights
Term of loan = 4 years, 25 fortnights

ii 1 To fi nd the amount still owing prior to the last 
payment, fi nd Vn (or FV) when n = 128. Enter the 
appropriate values using Finance Solver:

n = 128

I = 8.5

PV = 15 000

Pmt = −142.84

PpY: = 26

CpY: = 26

ii V128 = −120.636 212 821 95

2 Solve for V128.

3 State the amount still owing. The amount still owing prior to the 
last payment is $120.64.
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The slight time savings calculated in Worked example 11 when repayments were 
made more often have now been transformed to money savings. The saving increases 
as the frequency of repayment increases. This is because the amount outstanding is 
reduced more often and so the amount of interest added is slightly less. A saving 
of $164 over 5 years, out of more than $18 000 repaid, might not seem much but 
the saving increases as the term of the loan increases and as the amount borrowed 
increases.

Changing the rate
Of all the variables associated with reducing balance loans, the one that is most 
likely to change during the term of a loan is the interest rate. These rates rarely stay 
the same for the life of a loan; for most loans the rate will change several times.

b 1 For monthly repayments

Find r and V59. (Refer to Worked 
example 11.)

b For monthly repayments:

r = 8.5
12

% = 0.7083%

V59 = $179.27

2 Calculate the interest on V59 to find the 
final repayment.

Interest on V59 = 0.7083% of $179.27
 = 0.007 083 × 179.27
 = $1.27

Final repayment = 179.27 + 1.27
 = $180.54

3 Calculate the total interest paid. Total interest = 309.48 × 59 + 180.54 − 15 000
 = $3439.86

c 1 Fortnightly repayments

Find r and V128. (Refer to Worked 
example 11.)

c For fortnightly repayments:

r = 8.5
26

% = 0.3269%

V128 = 120.64

2 Calculate the interest on V128 to find the 
final repayment.

Interest on V128 = 0.3269% of $120.64
 = 0.003 269 × 120.64
 = $0.39

Final repayment = 120.64 + 0.39
 = $121.03

3 Calculate the total interest paid. Total interest = 142.84 × 128 + 121.03 − 15 000
 = $3404.55

4 Calculate the interest saving with 
monthly repayments over quarterly 
repayments.

Monthly interest saving = 3569 − 3439.86
 = $129.14

5 Calculate the interest saving with 
fortnightly repayments over quarterly 
repayments.

Fortnightly interest saving = 3569 − 3404.55
 = $164.45

6 Write a comparison statement. Tessa saves $164.45 if she repays fortnightly rather 
than quarterly and $129.14 if she repays monthly 
rather than quarterly.

314 MATHS QUEST 12 FURTHER MATHEMATICS VCE Units 3 and 4

UNCOREECTED P
AGE P

ROOFS



The Reserve Bank of Australia is the main monetary authority of the Federal 
Government and, as such, is the overall guiding infl uence on monetary factors in the 
Australian economy. Consequently, it indirectly controls the lending interest rates of 
fi nancial institutions here.

There is usually some variation in rates between institutions; for example, a lower 
rate may be designed to attract more customers. Within each institution there are rate 
variations as well for different types of reducing balance loans. Banks advertise their 
loan rates to attract customers.

In this section we investigate the effect that changing the interest rate has on the term 
of the loan and on the total interest paid. It should be remembered that as the interest 
rate increases so too will the term (if d remains constant) of the loan since more 
interest needs to be paid.

First, let us simply compare loan situations by varying only the rate.

A reducing balance loan of $18 000 has been taken out over 5 years at 8% p.a. 
(adjusted monthly) with monthly repayments of $364.98.

a What is the total interest paid?

b If, instead, the rate was 9% p.a. (adjusted monthly) and the repayments 
remained the same, what would be:

i the term of the loan

ii the total amount of interest paid?

THINK WRITE

a For 8% p.a.:

Total interest = total repayments 
       − principal repaid

a For 8% p.a.:

Total interest = 364.98 × 60 − 18 000

       = $3898.80

b i Using the Finance Solver, enter the 
appropriate values.

Remember that PpY: and CpY: will both 
equal 12 for monthly repayments.

N: = 61.81 means 61 full repayments plus 
a fi nal lesser payment.

b i For 9% p.a.:
V0 = 18 000, d = 364.98, I = 9, Vn = 0,
  n = ?
  n = 61.810 665 384 123
  n = 62 months

Term = 5 years, 2 months

ii 1 Find V61 to calculate the amount 
still owing.

Enter the following values:

n = 61

I = 9

PV = 18 000

Pmt = −364.98

PpY: = 12

CpY: = 12

Solve for FV and interpret the result.

ii FV = −293.886 672 877
The amount still owing after 61 repayments 
is $293.88.

WoRKEd 
EXAMPLE 1313131313131313

Topic 7 LoAnS, InVESTMEnTS And ASSET VALUES 315

UNCOREECTED P
AGE P

ROOFS



In Worked example 13 the rate was increased by only 1% p.a. on $18 000 for only 
5 years, yet the amount of interest paid has increased from $3898.80 to $4559.86, 
a difference of $661.06. This difference takes on even more signifi cant proportions 
over a longer period of time and with a larger principal.

Let us now consider varying the rate during the term of the loan.

Natsuko and Hymie took out a loan for 
home renovations. The loan of $42 000 
was due to run for 10 years and attract 
interest at 7% p.a., debited quarterly on 
the outstanding balance. Repayments 
of $1468.83 were made each quarter. 
After 4 years the rate changed to 8% p.a. 
(debited quarterly). The repayment value 
didn’t change.

a Find the amount outstanding when the 
rate changed.

b Find the actual term of the loan.

c Compare the total interest paid to 
what it would have been if the rate had 
 remained at 7% p.a. for the 10 years.

THINK WRITE

a 1 Rate changes after 4 years; that is, n = 16.
State V0 (PV:), d (Pmt:), interest (I(%):) 
and n (N:).

a V0 = 42 000, d = 1468.83, I = 7%,
n = 16, Vn = ?

2 Find V16 (FV:) using a CAS calculator. FV = −285 84.356 811 602
The amount outstanding when the rate 
changed is $28 584.36.

b 1 Find n to repay $28 584.36 in full at the 
new rate. (Use Finance Solver to enter the 
following values: I = 8, PV = 28 584.36, 
Pmt = −1468.83, FV = 0, PpY: = 4 
and CpY: = 4)

b New interest rate of 8%:
n = −24.896 005 939 422

= 25 quarters

Time = 61
4
 years

WoRKEd 
EXAMPLE 1414141414141414

2 Calculate the interest on V61 to fi nd the 

fi nal repayment. r = 9
12

= 0.75%.

Interest on fi nal repayment 
 = 0.75% of $293.88

= $2.20
Final repayment = 293.88 + 2.20

= $296.08

3 Total interest = total repayments 
       − principal repaid.

Total interest paid 
= 364.98 × 61 + 296.08 − 18 000
= $4559.86
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In the situations studied so far the repayment value, d, remained the same, even 
though the rate varied. In practice, this is what happens if the rate decreases and so 
the term of the loan decreases. However, when the rate increases, financial institutions 
will generally increase the repayment value to maintain the original term of the loan. 
This was discussed in the section ‘Effects of changing the repayment’. If this is not 
done the term of the loan can increase quite dramatically. In fact this may occur to 
such an extent that the repayments are insufficient to cover the interest added, so that 
the amount outstanding increases.

Consider a $44 000 loan over 15 years at 10% p.a. (monthly).

Monthly repayments = $472.83

After 5 years the amount owing = $35 779.02

Suppose the interest rate rises dramatically to 16% p.a.

After a further 10 years under these conditions, the amount owing = $37 014.72

That is, the amount owing has increased.

This situation is not beneficial to either the lender or the borrower.

Interest only loans
Interest only loans are loans where the borrower makes only the minimum 
repayment equal to the interest charged on the loan. As the initial principal and 
amount owing is the same for the period of this loan, we could use either the simple 
interest formula or CAS to solve problems of this type. When using Finance Solver, 

2 Find the total term of the loan, that is, time 
at 7% plus time at 8%.

Term = 4 years + 61
4
 years

= 101
4
 years

c 1 Find V24 to calculate the amount still owing. 
(That is, on your calculator change the value 
of n to 24 and solve for FV.)

c FV = −1291.669 456 564 649
The amount still owing after the 
24th  repayment is $1291.61.

2 Calculate the interest on the outstanding 
amount to find the final repayment.

r = 8
4

= 2%

Interest on final payment = 2% of $1291.61
= $25.83

Final repayment = 1291.61 + 25.83
= $1317.44

3 Find the total interest for the rate change  
scenario.

The number of repayments is 40 at $1468.83 
plus 1 at $1317.44.

For the rate change scenario, total interest  
 = 1468.83 × 40 + 1317.44 − 42 000
 = $18 070.64

4 Calculate the total interest if the rate 
remained at 7%.

For the rate at 7% only, total interest  
 = 1468.83 × 40 − 42 000
 = $16 753.20

5 Find the interest difference between the two 
scenarios.

Interest difference = 18 070.64 − 16 753.20
 = $1317.44

6 Write a comparison statement. An extra $1317.44 interest will be paid due 
to the interest rate change from 7% p.a. to 
8% p.a.
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Reducing balance loans III
1 WE10  Nghia borrows $8000 to upgrade his car. The loan is to be paid in full over 

3 years with quarterly payments at 8% p.a.
a Calculate the quarterly payment required.
b Complete an amortisation table for the loan with the following headings.

EXERCISE 7.4

PRACTISE

the present value (PV:) and future value (FV:) are entered as the same amount. Note 
that the future value is negative to indicate money owed to the bank.

This type of loan is used by two kinds of borrowers: investors in shares and/or 
property or families that are experiencing fi nancial diffi culties and seek short-term 
relief from high repayment schedules.

Jade wishes to borrow $40 000 to invest in shares. She uses an interest only 
loan to minimise her repayments and hopes to realise a capital gain when 
she sells the shares at a higher value. The term of the loan is 6.9% p.a. 
 compounded monthly with monthly repayments equal to the interest 
charged.

a Calculate the monthly interest-only repayment.
b If, in 3 years, she sells the shares for $50 000, calculate the profit she would 

make on this investment strategy.

THINK WRITE

a 1 Identify V0, r and n, where n is equal to 
one payment period.

a V0 = 40 000, r = 6.9% p.a.

 n = 1 month = 1
12

th year

2 Evaluate I using the simple 
interest formula.

I =
V0 

rn

100

=
40 000 × 6.9 × 1

12
100

= $230

3 Write your answer. The monthly repayment to pay the interest only 
for the loan is $230.

b 1 Find whether the capital gain on 
the shares exceeds the amount paid 
in interest.

b Capital gain = selling price − purchase price
 = $50 000 − $40 000
 = $10 000

Total interest charged = repayment ×  number of 
                  payments

 = $230 × 36
 = $8280

Profi t = Capital gain − Loan cost
 = $10 000 − $8280
 = $1720

2 Write a statement. Jade will make a profi t of $1720.

WoRKEd 
EXAMPLE 1515151515151515
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Payment no.
Principal 

outstanding ($) Interest due ($) Payment ($)
Loan 

outstanding ($)

1 8000

2 Chau borrows $7500 to pay her university fees. The loan is to be paid in full over 
2 years with bi-monthly payments at 9.5% p.a.

a Calculate the bi-monthly payment required.
b Complete an amortisation table for the loan with the following headings.
c Calculate the total interest paid on the loan.

Payment no.
Principal 

outstanding ($) Interest due ($) Payment ($)
Loan 

outstanding ($)

1 7500

3 WE11  Bella wants to buy a shoe shop. She borrows $18 000 at 8.3% p.a. (debited 
prior to each repayment) of the reducing balance. She can afford quarterly 
repayments of $1108.80 and this will pay the loan in full in exactly 5 years.

One third of the quarterly repayment gives the equivalent monthly repayment 
of $369.60.
The equivalent fortnightly repayment is $170.58.
Find:

i the term of the loan and
ii the amount still owing prior to the last payment if Bella made repayments:

a monthly b fortnightly.

4 Simba wants to invest money in shares. He borrows $25 000 at 7.2% p.a. (debited 
prior to each repayment) of the reducing balance. He can afford quarterly 
repayments of $1292.02 and this will pay the loan in full in exactly 6 years.
One third of the quarterly repayment gives the equivalent monthly repayment 
of $430.67.
The equivalent fortnightly repayment is $198.77.
Find:

i the term of the loan and
ii the amount still owing prior to the last payment if Simba made repayments:

a monthly b fortnightly.

5 WE12  In question 3, Bella’s $18 000 loan at 8.3% p.a. gave the following 
scenarios:

1. quarterly repayments of $1108.8 for 5 years.
2. monthly repayments of $369.60 for 59 months with $217.37 outstanding.
3. fortnightly repayments of $170.58 for 128 months with $149.63 still owing.

Compare the total interest paid by Bella if she repaid her loan:

a quarterly b monthly c fortnightly.

6 In question 4, Simba’s $25 000 loan at 7.2% p.a. gave the following scenarios:

1. quarterly repayments of $1292.02 for 6 years.
2. monthly repayments of $430.67 for 71 months with $246.17 outstanding.
3. fortnightly repayments of $198.77 for 154 fortnights with $164.36 still owing.

Compare the total interest paid by Simba if she repaid his loan:

a quarterly b monthly c fortnightly.
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7 WE13  A reducing balance loan of $20 000 has been taken out over 5 years at 10% 
p.a. (adjusted monthly) with monthly repayments of $424.94.

a What is the total interest paid?
b If, instead, the rate was 11% p.a. (adjusted monthly) and the repayments 

 remained the same, what would be:
i the term of the loan
ii the total amount of interest paid?

8 A reducing balance loan of $16 500 has been taken out over 4 years at 8% p.a. 
(adjusted monthly) with monthly repayments of $402.81.

a What is the total interest paid?
b If, instead, the rate was 9% p.a. (adjusted monthly) and the repayments 

 remained the same, what would be:
i the term of the loan
ii the total amount of interest paid?

9 WE14  Mi Lin took out a loan for a new kitchen. The loan of $32 000 was due 
to run for 10 years and attract interest at 8% p.a., debited quarterly on the 
outstanding balance. Repayments of $1169.78 were made each quarter. After 
4 years the rate changed to 9% p.a. (debited quarterly). The repayment value 
didn’t change.

a Find the amount outstanding when the rate changed.
b Find the actual term of the loan.
c Compare the total interest paid to what it would have been if the rate had 

 remained at 8% p.a. for 10 years.

10 Roger took out a loan to get his large pine trees removed after they were affected 
after a massive storm. The loan of $28 000 was due to run for 8 years and attract 
interest at 6.5% p.a., debited monthly on the outstanding balance. Repayments 
of $374.81 were made each month. After 3 years the rate changed to 7.5% p.a. 
(debited monthly). The repayment value didn’t change.

a Find the amount outstanding when the rate changed.
b Find the actual term of the loan.
c Compare the total interest paid to what it would have been if the rate had 

 remained at 6.5% p.a. for 8 years.

11 WE15  Jodie wishes to borrow $30 000 to invest in shares. She uses an interest 
only loan minimising her repayments and hopes to realise a capital gain when she 
sells the shares at a higher value. The term of the loan is 5.8% p.a. compounded 
monthly with monthly repayments equal to the interest charged.

a Calculate the monthly interest only repayments.
b If, in 3 years, she sells the shares for $35 000, calculate the profit she would 

make on this investment strategy.

12 Max wishes to borrow $50 000 to invest in shares. He uses an interest only loan 
minimising his repayments and hopes to realise a capital gain when he sells the 
shares. The term of the loan is 7.5% p.a. compounded monthly with monthly 
repayments equal to the interest charged.

a Calculate the monthly interest only repayments.
b If, in 3 years, he sells the shares for $63 000, calculate the profit he would make 

on this investment.
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13 Harper borrows $2000 to purchase new cricket  
gear. The loan is to be paid in full over 1 year with 
quarterly payments at an interest rate of 7.5% p.a.

a Calculate the quarterly payment required.
b Complete an amortisation table for the loan using 

a first-order recurrence  relation for each payment.
c What is the principal outstanding after the 

third payment?
d Calculate the total amount paid on the loan.
e Calculate the total interest paid on the loan.

14 Grace takes a loan out for $3750 to purchase new curtains for her house. The loan 
is to be paid in full over 1 year with bi-monthly payments at a rate of 6% p.a.

a Calculate the bi-monthly payment required.
b Complete an amortisation table for the loan using a first-order 

recurrence relation.
c If the payments were monthly instead of bi-monthly what payments are required? 
d Complete an amortisation table for the loan with monthly payments.
e Calculate the interest paid on the loan for both monthly and bi-monthly 

payments and comment on the answers.

15 Phul has a reducing balance loan of $40 000. The loan has interest charged 
at 8% p.a. (debited before each repayment) and can be repaid by quarterly 
instalments of $1462.23 over exactly 10 years. The equivalent monthly repayment 
is $487.41 and the equivalent fortnightly one is $224.96. Find the term of the loan 
and the amount still owing before the final repayment if repayments are made:

a monthly b fortnightly.

16 A loan of $25 000 attracts interest at 8.25% p.a. on the outstanding balance and 
the following four scenarios are available:

1. half-yearly repayments of $3101.48 for 5 years
2. quarterly repayments of $1550.74 for 4 

3
4
 years with $1217.93 still owing

3. monthly repayments of $516.91 for 58 months with $512.33 still owing
4. fortnightly repayments of $238.58 for 127 fortnights with $140.27 still owing.

Compare the total interest paid if the loan is repaid:

a half-yearly b quarterly c monthly d fortnightly.

The following information refers to  questions 17 and 18. Betty has borrowed $65 000 
to finance her plant and flower nursery.  Betty chooses to repay the loan, which  attracts 
 interest at 9.3% p.a. on the outstanding  balance, by fortnightly repayments of $309.66 
rather than the equivalent monthly repayment of $670.92.

17 The term of the loan will be:

A 14 years 11 months
B 14 years 25 fortnights
C 15 years
D 15 years 1 fortnight
E 15 years 1 month

18 The amount Betty will save is closest to:

A $240 B $260 C $270
D $300 E $320

CONSOLIDATE
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19 A reducing balance loan of $25 000 has been taken out over 5 years at 8% p.a. 
(adjusted monthly) with monthly repayments of $506.91.

a What is the total interest paid?
b If, instead, the rate was 9% p.a. (adjusted monthly) with the same repayments 

maintained, what would be:
i the term of the loan now ii the total interest paid?

c If, instead, the rate was 10% p.a. (adjusted monthly) with the same repayments 
maintained, what would be:
i the term of the loan now ii the total interest paid?

20 Andrew’s reducing balance loan of $52 000 over 15 years attracts interest at 
11.75% p.a. (adjusted fortnightly). Repayments of $283.92 per fortnight are made.

During the loan the interest rate is increased to 12.5% p.a. (adjusted fortnightly), 
but the fortnightly repayment remains unchanged. Find:

a the amount outstanding when the rate changes
b the actual term of the loan
c the total interest paid compared to what it would have been if the rate had 

 remained at 11.75% p.a. for the 15 years if the rate changed after:
i 2 years ii 12 

1
2
 years.

The following information relates to questions 21 and 22. Clint’s $28 000 loan for 
his house extensions has interest debited every month at 12% p.a. of the outstanding 
balance. The loan was due to run for 10 years and he was to make repayments of 
$401.72 per month to service the loan. After he had made 50 repayments his credit 
union reduced the interest rate to 10.75% p.a. (adjusted monthly) for the remainder 
of the loan.

21 If Clint maintained the monthly repayment, the term of the loan would be:

A 9 
3
4
 years B 10 

1
4
 years C 10 

3
4
 years D 11 years E 12 years

22 The total interest paid by Clint would lie between:

A $18 700 and $18 800 B $18 800 and $18 900
C $18 900 and $19 000 D $46 800 and $46 900
E $46 900 and $47 000

23 The Risky brothers want to invest in $140 000 worth of shares. They use other 
people’s money and take out an interest only loan from the bank. The loan is at 
10.8% p.a. compounded quarterly with quarterly repayments.

a Calculate the quarterly repayment amount.
b If in 1 year they sell the shares for $152 000, calculate the amount of profit or 

loss they made on this investment strategy.

24 The Bigs have had a new addition to the family and John, the father, takes 
12 months of leave from work to stay at home. To financially cope, they ask their 
bank manager for an interest only loan for this period on the outstanding amount 
on their home loan, which is currently $210 000. If the terms of the interest only 
loan are 6.79% p.a. compounded fortnightly, the fortnightly repayments will be 
closest to:

A $548.42 B $1188.25 C $14 637
D $4879 E $21 032.18

MASTER
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7.5 Reducing balance and flat rate loan 
 comparisons
As we have seen in previous sections, with reducing balance loans, interest is 
calculated on the current balance and debited to the loan account at regular intervals 
just before repayments are made. Since the balance continually reduces, the amount 
of interest charged also reduces.

In contrast, flat rate loans charge a fi xed amount of interest as a percentage of the 
original amount borrowed. This is calculated at the start of a loan and added to the 
amount borrowed. Since it is a fl at rate based on a fi xed amount, the simple interest 
formula is used to calculate the interest:

I =
V0 rn

100
.

Let us compare the two types of loan under similar circumstances.

A loan of $12 000 is taken out over 5 years at 12% p.a. Find:

a the monthly repayment

b the total amount of interest paid

if the money is borrowed on:

i a flat rate loan ii a reducing balance loan.

THINK WRITE

a i 1 For a fl at rate loan:

State V0, r and n.

Find the interest by using I =
V0rn

100
.

a i For a fl at rate loan:
V0 = 12 000, r = 12, n = 5

I = 12 000 × 12 × 5
100

= $7200

2 Find the amount to repay, Vn.
Total repaid = V0 + I.

Vn = V0 + I
= 12 000 + 7200
= $19 200

3 Find the monthly repayment. 
(First fi nd n.)

n = 12 × 5
= 60

Repayment = 19 200 ÷ 60
= $320/month

b i State the total amount of interest paid. b i The total amount of interest paid is $7200.

a ii For a reducing balance loan:

(a)  Find V0, n, r and R.

(b)   Find the monthly repayment, d, 

using d =
V0Rn(R − 1)

Rn − 1
.

a ii For a reducing balance loan:

V0 = 12
 

000,

  r = 12
12

 

= 1
 R = 1.01

 

n = 5 × 12
= 60

d = 12 000(1.01)60(1.01 − 1)

1.0160 − 1
= $266.93/month

The monthly repayment is $266.93.

WoRKEd 
EXAMPLE 1616161616161616

Interactivity
Reducing balance 
and fl at rate loan 
comparison
int-6267
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b ii Find the total interest paid (total 
repayments − principal repaid).

b ii Total interest paid 
 = 266.93 × 60 − 12 000
 = $4015.80

In Worked example 16, the difference between the two loan types is signifi cant. For 
the reducing balance loan, each month $53.07 less is repaid and overall $3184.20 less 
interest is paid.

The percentage saving over this short loan is:

percentage interest saving = 3184.20
7200

× 100%

= 44.23%.
Choosing a reducing balance loan rather than a fl at rate loan results in a smaller 
repayment value or a shorter term and in both cases an interest saving. Now let us 
consider what fl at rate of interest is equivalent to the rate for a reducing balance loan.

A reducing balance loan of $25 000 is repaid over 8 years with monthly 
 instalments and interest charged at 9% p.a. (debited monthly).

Find:

a the repayment value

b the total amount of interest paid

c the equivalent flat rate of interest for a loan in which all other variables 
are the same.

THINK WRITE

a For a reducing balance loan:
First fi nd V0, n, r and R.

Find d.

a For a reducing balance loan:
V0 = 25 000, n = 8 × 12

= 96.

r = 9
12

= 0.75

R = 1.0075

d = V0   

Rn(R − 1)
Rn − 1

= 25 000(1.0075)96(1.0075 − 1)

(1.007596 − 1)
= $366.26

b Total interest =  total repayments 
− principal repaid

b Total interest = 366.26 × 96 − 25 000
= $10 160.96

c For a fl at rate loan:
(i) State I, V0 and n.

(ii) Find r using I =
V0rn

100
.

c For a fl at rate loan:
I = interest from reducing balance loan

= $10 160.96
V0 = 25 000, n = 8

10 160.96 = 25 000 × r × 8
100

= 2000 × r
                        r = 5.08%
The equivalent fl at rate of interest is 5.08%.

WoRKEd 
EXAMPLE 1717171717171717
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The greater fi nancial benefi t of the reducing balance loan over the fl at rate loan is 
again evident, this time in terms of the amount that can be borrowed in the fi rst place.

Reducing balance and flat rate loan comparisons
1 WE16  A loan of $10 000 is taken out over 5 years at 10% p.a. Find:

a the monthly repayment
b the total amount of interest paid if the money is borrowed on:

i a fl at rate loan ii a reducing balance loan.

EXERCISE 7.5

PRACTISE

Worked example 17 illustrates that an interest rate of 9% p.a. on the outstanding 
balance is equivalent to a fl at rate of only 5.08% p.a., which again is a major 
difference between the two loan types.

Finally, we consider the effect on the amount that can be borrowed at a given rate for 
both types of loan.

A loan of $76 000 is repaid over 20 years by quarterly instalments of $2205.98 
and interest is charged quarterly at 10% p.a. of the outstanding balance.

Find:

a the total amount of interest paid

b the amount which can be borrowed on a flat rate loan in which all other 
variables are the same as above

c the difference in the amount borrowed between the two types of loan.

THINK WRITE

a 1 For a reducing balance loan:
Find the total interest.

a For a reducing balance loan:
n = 20 × 4

= 80
Interest = 2205.98 × 80 − 76 000

= $100 478.40

2 Write a statement. The total amount of interest paid is $100 478.40.

b 1 For a fl at rate loan:

(a)  State I, r and n. I is the same as 
for the reducing balance loan.

(b)  Use the simple interest formula 
to fi nd V0.

b For a fl at rate loan:

I = 100 478.40, r = 10, n = 20
                    

         I = V0rn
100

 100 478.40 = V0 × 10 × 20
100

= 2 × V0

                          V0 = $50 239.20

2 Write a statement. For a fl at rate loan, $50 239.20 can be borrowed.

c 1 Find the difference between the 
principals for the two loan types.

c The difference in the amount borrowed 
 = 76 000 − 50 239.20
 = $25 760.80

2 Write a statement. Under the same conditions a $76 000 reducing balance 
loan is equivalent to a $50 239.20 fl at rate loan.

WoRKEd 
EXAMPLE 1818181818181818
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2 A loan of $17 550 is taken out over 7 years at 8.3% p.a. Find:

a the monthly repayment
b the total amount of interest paid
if the money is borrowed on:

i a flat rate loan
ii a reducing balance loan.

3 WE17  A reducing balance loan of $24 000 is repaid over 10 years with monthly 
instalments and interest charged at 6.6% p.a. (debited monthly). Calculate:

a the repayment value
b the total amount of interest paid
c the equivalent flat rate of interest p.a. for a loan in which all other variables 

are the same.

4 A reducing balance loan of $22 000 is repaid over 7 years with monthly 
instalments and interest charged at 8% p.a. (debited monthly).

Find:

a the repayment value
b the total amount of interest paid
c the equivalent flat rate of interest for a loan in which all other variables 

are the same.

5 WE18  Alice takes out a reducing balance loan for $27 000 and will repay it over 
5 years by quarterly instalments of $1899.75 at an interest rate of 14% p.a. 
(debited quarterly). Calculate:

a the total amount of interest to be paid
b the amount which Alice could have borrowed if, instead, she had chosen a flat 

rate loan with the same details except the principal
c the difference in the amount borrowed for the two different loan scenarios.

6 Sarah’s reducing balance loan of $9000 is repaid over 2 years with fortnightly 
instalments and interest charged at 8.4% p.a. (debited fortnightly). If a flat rate 
loan was repaid over the same time, at the same rate and with the same repayment 
value, the amount borrowed would be closest to:

A $4500 B $5000 C $5500 D $8500 E $9000

7 Calculate the monthly repayment for money borrowed on:

a a flat rate loan
b a reducing balance loan
if the loan was for:

i $15 000 over 5 years at 9% p.a. ii $30 000 over 10 years at 8% p.a.

8 For the loan situations outlined in question 7 calculate the total amount of interest 
paid for both types of loan.

9 Calculate the quarterly repayment for money borrowed on:

a a flat rate loan
b a reducing balance loan
if the loan was for:

i $8000 over 3 years at 6% p.a. ii $28 000 over 8 years at 10% p.a.

10 For the loan situations outlined in question 9 calculate the total amount of interest 
paid for both types of loan.

CONSOLIDATE
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11 Minnie’s loan of $6000 is taken out over 2 years at 11% p.a. Calculate:

a the monthly repayment
b the total amount of interest paid
if the money was borrowed on:

i a flat rate loan ii a reducing balance loan.

12 The flat rate loans outlined below are repaid by monthly instalments. For each 
loan, calculate:

i the total amount of interest paid
ii the monthly repayment
iii the term of a reducing balance loan which has the same principal, monthly 

repayment and interest rate
iv the interest saving achieved by using the reducing balance option in part iii.

a $14 000 borrowed over 5 years at 9% p.a.
b $21 000 borrowed over 5 years at 8% p.a.
c $90 000 borrowed over 20 years at 12% p.a.

13 Mike borrows $24 000 over 6 years at a flat rate of 10% p.a. and agrees to repay 
the loan with monthly repayments.

a Calculate the total interest charged.
b Calculate Mike’s monthly repayment.
c Calculate the term of the loan if Mike had borrowed the money on a reducing 

balance loan which had the same monthly repayment and interest rate.
d Calculate the interest saving Mike would have achieved if he had used the 

 reducing balance option.

14 If $11 000 is repaid over 5 years with monthly instalments, the loan that would 
require the greatest repayment value would be:

A a flat rate loan at 9% p.a.
B a flat rate loan at 10% p.a.
C a reducing balance loan at 11% p.a.
D a reducing balance loan at 12% p.a.
E a reducing balance loan at 13% p.a.

15 Aaron repaid a loan of $14 000 over 3 years with quarterly instalments and 
interest charged at 7.6% p.a. of the reducing balance, debited quarterly. Calculate:

a the repayment value
b the total amount of interest paid
c the rate of interest for the equivalent flat rate loan in which all other variables 

were the same.

16 A reducing balance loan of $19 000 is repaid over 4 years with monthly 
instalments and interest charged at 7.5% p.a. (debited monthly). The flat rate of 
interest that would allow $19 000 to be borrowed over the same time and with the 
same repayments would be closest to:

A 7.5% p.a. B 7% p.a. C 4% p.a. D 4.5% p.a. E 5% p.a.

17 Rachel repaid a loan of $46 000 over 10 years with fortnightly instalments and 
interest charged at 9.3% p.a. of the reducing balance, debited fortnightly. Calculate:

a the repayment value
b the total amount of interest paid
c the rate of interest for the equivalent flat rate loan in which all other variables 

were the same.

MASTER
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18 A loan is repaid over 20 years by monthly instalments with interest charged 
monthly at 9% p.a. of the outstanding balance. Calculate:

i the total amount of interest paid
ii the amount which can be borrowed on a flat rate loan in which all  other 

 variables are the same as above
if the amount borrowed on the reducing  balance loan was:
a $65 000 and the repayment is $584.82
b $84 000 and the repayment is $755.77
c $54 000 and the repayment is $485.85.

7.6 Effective annual interest rate
Previously we have looked at paying off a loan at a set interest rate, however we 
have found the amount of interest paid would vary with different compounding terms 
(daily, weekly, monthly, etc.). The effective annual interest rate is used to compare 
the annual interest between loans with these different compounding terms.

To calculate the effective annual interest rate, use the formula:

r = 1 + i
n

n
− 1

where
 r = the effective annual interest rate

 i = the nominal rate, as a decimal

 n = the number of compounding periods per year 

For a loan of $100 at 10% p.a. compounding quarterly over 2 years.

The effective annual interest rate:

r = 1 + i
n

n
− 1

= 1 + 0.10
4

4
− 1

= 0.1038
= 10.38%

This means that the effective annual interest rate is actually 10.38% and not 10%. 
The comparison between the two can be shown in the following table.

Period Amount owing ($) Annual effective rate calculation ($)

1 100 1 + 0.10
4

= 102.50

2 102.50 1 + 0.10
4

= 105.06

3 105.06 1 + 0.10
4

= 107.69

4 (Year 1) 107.69 1 + 0.10
4

= 110.38 100 1 + 10.38
100

1
= 110.38

5 110.38 1 + 0.10
4

= 113.14

Interactivity
Effective annual  
interest rate 
int-6268

Unit 3

AOS R&FM

Topic 2

Concept 4

Nominal and 
 effective  interest  
rates
Concept summary 
Practice questions
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Effective annual interest rate
1 WE19  Brad wants to take his family to Africa. He decides to take out a loan over 

4 years with equal quarterly repayments compounding at 11% p.a. Calculate the 
effective annual rate of interest (correct to 1 decimal place).

2 Caitlin wants to landscape her garden. She decides to take out a loan over 3 years 
with equal quarterly repayments compounding at 14% p.a. Calculate the effective 
annual rate of interest (correct to 1 decimal place).

3 William is to purchase a new video recorder. If William pays $125 monthly 
 instalments over 3 years at an interest rate of 11.5% p.a. compound interest, 
what effective annual interest rate is he paying? Give your answer correct to 
2  decimal places.

4 

EXERCISE 7.6

PRACTISE

CONSOLIDATE

Item
Cash 

price($) Deposit($)
Monthly 

instalment ($)

Compound 
interest 

rate
Term 

of loan

a Television    $875     $150 8% p.a. 2 years

b New car $23 990 $2000 10% p.a. 5 years

c Clothing      $550     $100 7.5% p.a. 1 year

d Refrigerator     $1020      $50 6 
3
4
% p.a. 2 years

Period Amount owing ($) Annual effective rate calculation ($)

6 113.14 1 + 0.10
4

= 115.97

7 115.97 1 + 0.10
4

= 118.87

8 (Year 2) 118.87 1 + 0.10
4

= 121.84 100 1 + 10.38
100

2
= 121.84

Jason decides to borrow money for a holiday. If a personal loan is taken over 
4 years with equal quarterly repayments compounding at 12% p.a., calculate 
the effective annual rate of interest (correct to 2 decimal places).

THINK WRITE

1 Write the values for i and n. n = 4 (since quarterly)
i = 0.12 (12% as a decimal)

2 Write the formula for effective annual rate 
of interest.

r = 1 + i
n

n
− 1

3 Substitute n = 4 and i = 0.12. r = 1 + 0.12
4

4
− 1

= 0.1255
= 12.55%

4 Write your answer. The effective annual interest rate is 12.55% p.a. 
for a loan of 12%,  correct to 2 decimal places.

WoRKEd 
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 For each of the items in the above table, calculate:

i the monthly instalment on each item
ii the total amount paid over the period given for each item
iii the total amount of interest charged on each item
iv the effective annual interest rate.

5 A camera valued at $1200 is purchased via a loan. A  deposit  
of $200 is  required and equal monthly instalments of $64 
are paid over the 18-month agreed period. Calculate:

a the compound interest rate per annum
b the effective annual interest rate.

The following information relates to questions 6 and 7. 

The bank approves a  personal loan of $5000. An interest rate of 
12.5% p.a. is charged, with  repayments to be made over a 9-month period in equal 
weekly instalments. 

6 Calculate the weekly instalment.

7 Calculate the effective annual interest rate.

8 Calculate the effective annual interest rate on a loan of $1000 if the monthly 
repayments are $45 and the loan is to be repaid over 2 years. (Hint: First calculate 
the compound interest rate.)

9 For a compound interest rate of 4.85% p.a. charged on a loan with monthly 
 repayments over 2 years, the effective rate of interest is:

A 4.96% B 4.85% C 9.3% D 5.12% E 9.6%

10 A reducing balance loan was used to purchase a home theatre system valued at 
$2500. If the loan is paid off with quarterly repayments over 3 years at 9.6% p.a., 
then the effective annual interest rate is closest to:

A 10.03% B 8.75% C 5.2% D 9.6% E 9.95%

11 If the effective annual interest rate is 8.5% p.a. on a  
loan with monthly repayments over 4 years, then the 
compound interest rate is closest to:

A 9.23% B 10% C 4.3%
D 8.19% E 7.95%

12 Carefully read the advertisement for the purchase of the 
phone at right and calculate:

a the compound interest rate
b the effective annual interest rate
c the total cost under the loan plan
d the increase in cost over a cash sale.

13 Sarah had two options to borrow $10 000 that is to be paid 
back in 2 years. The two options are:

1. Compounding interest of 9% p.a. compounding monthly.
2. An effective annual interest rate of 9.3%.

With calculations, show which option she should take.

14 Calculate the effective annual interest rate that would require the same amount to 
be paid back as a $25 000 loan at 8.5% p.a. compounding monthly for 5 years.

$829 or
  $9.90 per
   week for
      2 years

MASTER
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7.7 Perpetuities
A perpetuity is an annuity where a permanently invested sum of money provides 
regular payments that continue forever.
Many scholarships or grants offered to students at universities are provided by funds 
known as perpetuities.
The funds last for an indefi nite period of time as long as the amount paid out is no 
more than the interest earned on the initial lump sum deposited. The type of investment 
that is used to earn the interest is usually a bond, which offers a fi xed interest amount, 
paid on a regular basis, over a long period of time. Wealthy people who wish to 
encourage and support a worthwhile cause usually set up these perpetuities.
The balance of the amount invested does not change and is the same for an 
indefi nite period.
The perpetuity formula is:

d =
V0r

100
where

d = the amount of the regular payment per period ($)
V0 = the principal ($)

r = the interest rate earned per period (%).

Notes

1. The period of the regular payment must be the same as the period of the given 
interest rate.

2. Finance Solver can be used in calculations involving perpetuities. As the principal 
does not change, the present value (PV: or negative cash fl ow) and the future value 
(FV: or positive cash fl ow) are entered as the same amount, but with opposite signs.

Unit 3

AOS R&FM

Topic 2

Concept 8

Perpetuity
Concept summary 
Practice questions

Robert wishes to use part of his wealth to set up a scholarship fund to help 
young students from his town further their education at university. Robert 
invests $200 000 in a bond that offers a long-term guaranteed interest rate 
of 4% p.a. If the interest is calculated once a year, then the annual amount 
 provided as scholarship will be:

A $188 000 B $288 000 C $666.67

D $8000 E $4000

THINK WRITE

1 Write the perpetuity formula. d =
V0r

100

2 List the values of V0 and r. V0 = $200 000 and r = 4% p.a.

3 Substitute the values into the formula and 
calculate the amount provided.

d = $200 000 × 4
100

= 8000

4 Select the appropriate answer. The annual amount provided for the scholarship 
is $8000. Therefore D is the correct answer.

WoRKed 
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Finding V0 and r
As was the case with earlier sections in this topic, there are calculations where we 
need to fi nd the principal (V0) or interest rate (r) needed to provide a certain regular 
payment (d). For example, how much needs to be invested at 3% p.a. interest to 
provide a $10 000 annual grant, or what interest rate is needed so that $100 000 will 
provide a $4000 yearly scholarship indefi nitely? Other calculations involve fi nding 
what extra amount could be granted annually as a scholarship if the interest is 
compounded monthly in each year rather than once a year and the scholarship paid in 
two equal six-monthly instalments.

The perpetuity formula can be transposed to:

V0 = 100 × d
r

 and r = 100 × d
V0

If the frequency of the payments each year is not the same as the compounding period 
of the given interest rate, then Finance Solver is to be used with different values for 
PpY and CpY.

Notes:

1. The principal must be known to use Finance Solver.
2. Finance Solver gives the interest rate per annum.

A Rotary Club has $100 000 to set up a perpetuity as a grant for the  local 
junior sporting clubs. The club invests in bonds that return 5.2% p.a. 
 compounded annually.

a Find the amount of the annual grant.
b What interest rate (compounded annually) would be required if the 

 perpetuity is to provide $6000 each year?

The Rotary Club wants to investigate other possible arrangements for the 
structure of the grant.

c How much extra would the annual grant amount to if the original interest 
rate was compounded monthly?

d What interest rate (compounded monthly) would be required to provide 
4 equal payments of $1500 every 3 months? Give your answer correct to 
2 decimal places.

THINK WRITE

a 1 Write the perpetuity formula and 
list the values of V0 and r.

a       d = V0r
100

V0 = $100 000 and
      r = 5.2% p.a.

2 Substitute the values into the formula 
and fi nd the value of the annual grant.

d = $100 000 × 5.2
100

= 5200

3 Write a statement. The amount of the annual grant is $5200.

WoRKed 
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b 1 Write the perpetuity formula and list 
the values of V0 and d.

b           r = 100 × d
V0

V0 = $100 000 and
      d = $6000

2 Substitute the values into the formula 
and find the interest rate.

r = 100 × 6000
100 000

= 6

3 Write a statement. For a $100 000 perpetuity to provide $6000 a year, 
the bond needs to offer an interest rate of 6% p.a.

c 1 As the frequency of the payment is not 
the same as the compounding period, 
the perpetuity formula cannot be used. 
Use Finance Solver and enter the 
values as follows.

n (N:) = 1

r (I(%):) = 5.2

V0 (PV:) = −100 000

d (Pmt:) = unknown

Vn (FV:) = 100 000

PpY: = 1 (one payment per year)

CpY: = 12  (there are 12 compound 
periods per year)

Solve for Pmt.

c Pmt = 5325.741 057 054
If the interest was  compounded monthly, the 
 annual grant would amount to $5325.74.

2 Compare the sizes of the 2 grants and 
write a statement.

The extra amount is $5325.74 − $5200 = $125.74.
If the interest is compounded monthly, the  
annual grant would increase by $125.74.

d 1 As the frequency of the payment is not 
the same as the compounding period, 
the perpetuity formula cannot be used. 
Use Finance Solver and enter the values 
as follows.

n (N:) = 1

r (I(%):) = unknown

V0 (PV:) = −100 000

d (Pmt:) = 1500

Vn (FV:) = 100 000

PpY: = 4 (four payments per year)

CpY: = 12 (there are 12 compound 
periods per year)

Solve for I to find the required 
interest rate.

d I = 5.970 247 527 183
r = 5.97
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Note that Finance Solver cannot be used in the previous worked example as the 
principal is not known. (Both PV: and FV: would be unknowns.)

Perpetuities
1 WE20  Chris wants to invest $150 000 in a bond that offers a long-term guaranteed 

interest rate of 5% p.a. If the interest is calculated once a year, then the annual 
interest earned is:

A $142 500 B $7500 C $130 000
D $6500 E $8000

2 Freda chose to invest $95 000 in a bond that offers a long-term guaranteed interest 
rate of 3.8% p.a. If the interest is calculated once a year, then the annual interest 
earned is:

A $25 000 B $4845 C $91 390
D $3610 E $5430

3 WE21  A charity has $75 000 to set up a perpetuity as a grant to help 
homeless people.

The charity invests in bonds that return 4.8% p.a. compounded annually.

a Find the amount of the annual grant.
b What interest rate (compounded annually) would be required if the perpetuity is 

to provide $4800 each year?

EXERCISE 7.7

2 Write a statement. An interest rate of 5.97% p.a.  compounded 
 annually is needed to provide four equal  payments 
of $1500, correct to 2 decimal places.

A benefactor of a college has been approached to provide a Year 7 
scholarship of $1000 per term. He is able to get a fi nancial institution to 
offer a long-term interest rate of 8% per annum. What is the principal that 
needs to be invested?

THINK WRITE

1 Write the perpetuity formula and list 
the  values of d and r. Both d and r need 
to be expressed in the same period of time.

V0 = 100 × d
r

       d = $1000 per term (4 terms per year)
 R = 8% p.a.

= 8
4

= 2% per term

2 Substitute the values into the formula and 
fi nd the value of the annual grant.

V0 = 100 × 1000
2

= 50 000

3 Write a statement. The principal that needs to be invested to  provide 
a scholarship of $1000 per term at an annual 
 interest rate of 8% is $50 000.

WoRKed 
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The charity wants to investigate other possible arrangements for the structure of 
the grant.

c How much extra would the annual grant amount to if the original interest rate 
was compounded monthly?

d What interest rate (compounded monthly) would be required to provide 4 equal 
payments of $1200 every 3 months? Give your answer correct to 2  decimal places.

4 A family wants to use $125 000 to set up a perpetuity as a scholarship fund at 
their old school.

The charity invests in bonds that return 5.7% p.a. compounded annually.

a Find the amount of the annual grant.
b What interest rate (compounded annually) would be required if the perpetuity is 

to provide $8000 each year?

The charity wants to investigate other possible arrangements for the structure of 
the grant.

c How much extra would the annual grant amount to if the original interest rate 
was compounded monthly?

d What interest rate (compounded monthly) would be required to provide 
4 equal payments of $2000 every 3 months? Give your answer correct to 
2  decimal places.

5 WE22  A benefactor of a school had been approached to provide a Year 12 scholarship 
of $5000 per term. She is able to get a financial institution to offer a long-term 
interest rate of 6.25% per annum. What is the principal that needs to be invested?

6 A benefactor of a college had been approached to provide a Year 11 scholarship 
of $2000 per term. He is able to get a financial institution to offer a long-term 
interest rate of 7.5% per annum. What is the principal that needs to be invested?

7 The owner of a search engine company uses part of his wealth to set up 
research grants to help young Australian scientists with their endeavours. He 
invests $350 000 in a bond that offers a long-term guarantee of 5% p.a. If the 
interest is calculated once a year, then the annual amount provided as a research 
grant will be:

A $70 000 B $17 500 C $1750 D $7000 E $3500

8 Use the perpetuity formula to calculate the annual payment as specified in each of 
the following situations.

a $400 000 invested at 4% p.a., paid once a year
b $300 000 invested at 1% per quarter, paid 4 times each year

9 Use the perpetuity formula to calculate the annual payment as specified in each of 
the following situations.

a $100 000 invested at 12% p.a., calculated monthly, paid out monthly
b $2 million invested at 6% p.a., compounded quarterly, paid out every 3 months

10 Check your answers to questions 8 and 9 using Finance Solver on your CAS.

11 An AFL club has $80 000 to set up a perpetuity as a grant for the local senior 
sporting clubs. The club invests in bonds that return 4% p.a. compounded annually.

a Find the amount of the annual grant.
b What interest rate (compounded annually) would be required if the perpetuity 

is to provide $5000 each year?

CONSOLIDATE
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The club wishes to investigate other possible arrangements for the structure of 
the grant.

c How much extra would the annual grant amount to if the original interest rate 
was compounded quarterly?

d What interest rate (compounded monthly) would be required to provide 
12 equal monthly payments of $400?

12 Prachi invested $15 000 in a fund that will earn on average 10.5% p.a. over a 1 year 
period with interest calculated monthly. On top of the initial investment Prachi 
contributes $250 at the start of each month after the initial investment. Complete the 
table to find the value of his investment at the end of the sixth month.

Time period Principal Interest earned Balance

1 15 000

2

3

4

5

6

13 Use the perpetuity formula to calculate the interest rate (p.a.) required for each of 
the following perpetuities.

a $400 000 provides $5000 per annum with interest compounded annually.
b Half a million dollars provides $1000 each month with interest 

 compounded monthly.
c $800 000 provides $30 000 every six months with interest compounded 

biannually.
d $100 000 provides $200 per fortnight with interest calculated fortnightly.

14 Check your answers to question 13 using Finance Solver on your CAS.

15 Use Finance Solver on your CAS to calculate the interest rate required for each of 
the following perpetuities. Give your answers correct to 2 decimal places.

a $400 000 provides $5000 per annum with interest compounded monthly.
b Half a million dollars provides $1000 each month with interest 

 compounded annually.
c $800 000 provides $30 000 every six months with interest compounded 

quarterly.
d $100 000 provides $200 per fortnight with interest compounded monthly.

16 A benefactor of a college has been approached to provide a Year 9 scholarship 
of $200 per month. He is able to get a financial institution to offer a long-term 
interest rate of 3.6% per annum, compounded monthly. What is the principal that 
needs to be invested?

17 The total amount given by the perpetuity in question 16 over a 50-year period is:

A $10 000
B $2400
C $57 000
D $66 700
E $120 000

MASTER
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18 Use the perpetuity formula to calculate the initial sum to be invested in a 
perpetuity specifi ed as follows:

a A $1200 per annum grant from a fund offering 6% p.a. compounded annually
b A $10 000 per annum grant from a fund offering 4.5% p.a.  compounded 

annually
c A $300 per month scholarship from a fund offering 0.5% per month
d A $120 per month grant from a fund offering 3% p.a. compounded monthly.

Annuity investments
There are many different ways to invest your money. One of the ways is a managed 
fund, where you invest an initial principal and rely on the fund managers to invest 
wisely and hope on a positive percentage return. There are risks involved and losses 
may occur, along with varying percentage returns from year to year or month to 
month. Another option with a managed fund is to continue to contribute to the fund, 
increasing the principal and thus increasing the interest earned. This is another 
example of a fi rst-order recurrence relation.

7.8

Johnathan invested $5000 in a managed fund that will earn an  average of 
8% p.a. over a 2 year period with interest calculated monthly. If  Johnathan 
contributes $100 at the start of the second, third, fourth and fi fth months, 
complete the table to fi nd the value of his investment at the end of the 
fi fth month.

Time period Principal ($) Interest earned ($) Balance ($)

1 5000

2

3

4

5

THINK WRITE

1 Calculate the interest earned 
in the fi rst month, allowing 
for the monthly interest.

I = 5000 0.08
12

= 33.33

2 Calculate the balance by 
adding the initial principal 
and the interest earned.

Balance = 5000 + 33.33
= 5033.33

3 The new principal at the 
start of the second period is 
the sum of the balance at the 
end of the fi rst period and the 
$100 added.

Principal = 5033.33 + 100
= 5133.33

WoRKed 
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4 Repeat the above steps to 
complete the table.

Time period Principal ($) Interest earned ($) Balance ($)

1 5000 33.33 5033.33

2 5133.33 34.22 5167.55

3 5267.55 35.12 5302.67

4 5402.67 36.02 5438.69

5 5538.69 36.92 5575.61

5 Write the answer to the 
value of the investment 
after 5 months.

After fi ve months the investment is worth $5575.61.

A savings plan, like a Christmas Club account, is an investment where an initial 
sum as well as regular deposits are made. The interest earned is calculated 
regularly on the balance of the investment, which increases with each regular deposit 
(annuity). This is similar to reducing balance loans with the main difference being 
that the principal amount is growing. 

An annuity investment is an investment that has regular deposits made over a period 
of time. Let’s fi rst look at this as a recurrence relation that calculates the value of the 
annuity after each time period.

Vn  +   1 = VnR + d

= Vn 1 + r
100

+ d

Where: Vn + 1 = Amount after n + 1 payments

  Vn = Amount at time n

 r = Interest rate per period

  d = Deposit amount

An initial deposit of $1000 was made on an investment taken out over 
5 years at a rate of 5.04% p.a. (interest calculated monthly), and an 
additional  deposit of $100 is made each month. Complete the table  below 
for the fi rst fi ve deposits and calculate how much interest had been earned 
over this time.

n  +  1 Vn d Vn  +  1

1 $1000

2

3

4

5
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THINK WRITE

1 State the initial values for 
V0, r and d.

V0 = $1000

r = 5.04
12

= 0.42

d = $100

2 Evaluate V1. Vn+1 = Vn 1 + r
100

+ d

V1 = 1000 1 + 0.42
100

+ 100

= $1104.20

3 Evaluate V2. Vn+1 = Vn 1 + r
100

+ d

V2 = 1104.20 1 + 0.42
100

+ 100

= $1208.84

4 Evaluate V3. Vn+1 = Vn 1 + r
100

+ d

V3 = 1208.84 1 + 0.42
100

+ 100

= $1313.92

5 Evaluate V4. Vn+1 = Vn 1 + r
100

+ d

V4 = 1313.92 1 + 0.42
100

+ 100

= $1419.44

6 Evaluate V5. Vn+1 = Vn 1 + r
100

+ d

V5 = 1419.44 1 + 0.42
100

+ 100

= $1525.40

7 Complete the table. n  +  1 Vn d Vn  +  1

1 V0 = $1000 $100 V1 = $1104.20

2 V1 = $1104.20 $100 V2 = $1208.84

3 V2 = $1208.84 $100 V3 = $1313.92

4 V3 = $1313.92 $100 V4 = $1419.44

5 V4 = $1419.44 $100 V5 = $1525.40

8 Calculate the interest by 
subtracting the initial investment 
($1000) and the amount deposited 
(5 × $100) from the amount at the 
end of the 5 deposits.

I = $1525.40 − $1000 − $500
= $25.40

9 State the answer. The interest earned over the first five months was $25.40.
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superannuation
Most, if not all, Australians will have to provide for themselves in their retirement 
rather than relying on the government’s age pensions. To provide for their future, all 
working Australians have a superannuation fund into which money is contributed 
by their employers, and optionally topped up by the employee, each pay period. 
The sum accumulates over many years, until retirement age, when the money can be 
withdrawn. The funds can then be placed into an annuity or perpetuity that pays for 
the retiree’s living expenses and lifestyle.

This is where superannuation calculations become tricky. You need to work out the 
amount of money you must save to give you that retirement income. This depends 
on all sorts of variables, such as the initial deposit, regular instalments, investment 
returns, infl ation and tax rates.

The accumulated money, deposited by the workers, is invested in shares and 
properties, over many years by fi nancial institutions (also known as superannuation 
fund managers). The performance of these superannuation fund managers varies from 
year to year. For the scope of this exercise, we will assume a constant rate of return 
(interest rates remain the same). Also, the effects of infl ation and taxation will not be 
considered.

The money that accumulates in these annuity investments can be calculated using 
the annuities formula in a similar way to that used in reducing balance loans. 
The difference is that the amount (Vn ) grows with the addition of a regular 
payment (d). The formula is:

Vn = V0 

Rn +
d(Rn − 1)

R − 1
where:

V0 = the initial amount invested

R = the compounding or growth factor

= 1 + r
100

 (r = the interest rate per payment period)

d = the amount of the regular deposits made per period

n = the number of deposits

Vn = the balance after n deposits.

Finance Solver can also be used in a similar way to reducing balance loans, with one 
difference — the cash fl ows are reversed (opposite signs).

Unit 3

AOS R&FM

Topic 2

Concept 9

Annuity 
investment
Concept summary 
Practice questions

Helen currently has $2000 in a savings account that is averaging an 
 interest rate of 8% p.a. compounded annually. She wants to calculate 
the amount that she will receive in 5 years when she plans to go on an 
 overseas trip.

a If she deposits $6000 each year, fi nd (correct to the nearest $1000) the 
amount available for her overseas trip.
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Planning for retirement
When do you want to retire, and how many years will you want to spend in 
retirement? How much money will you need? An Australian male is now expected 
to live to 80 years of age and an Australian female to 84 years of age. So, most 
people will need to plan on 20 to 25 years in retirement. A common target is 

b If she places her $2000 and increases her deposits to $7000 each year 
into a different savings account that can offer 9% p.a.  compounded 
 annually, find (correct to the nearest $1000) the amount available for her 
 overseas trip.

c Calculate the extra amount saved by investing $7000 each year at 9% p.a. 
compared with $6000 each year at 8% p.a.

THINK WRITE

a 1 State the value of V0, d, n, r and R. a V0 = $2000, 
   d = $6000, 
   n = 5, 
   r = 8 and
 R = 1.08

2 Write the annuities formula and 
substitute in the values.

Vn = V0 
Rn +

d(Rn − 1)

R − 1

V5 = 2000 × 1.085 +
6000(1.085 − 1)

1.08 − 1

3 Evaluate V5.  = $38 138.26

4 Write a statement, rounding the 
answer correctly.

The final balance of the investment after 5 years 
is $38 000, correct to the nearest $1000.

b 1 State the value of V0, d, n, r and R. b V0 = $2000, 
   d = $7000, 
   n = 5, 
   r = 9 and
  R = 1.09

2 Write the annuities formula and 
substitute in the values.

Vn = PRn +
d(Rn − 1)

R − 1

V5 = 2000 × 1.095 +
7000(1.095 − 1)

1.09 − 1

3 Evaluate V5.  = $44 970.22

4 Write a statement, rounding the answer 
correctly.

The final balance of the investment after 5 years, 
if Helen deposits $7000 each year into an 
account offering 9% p.a., would be $45 000, 
correct to the nearest $1000.

c The extra amount saved is the difference 
between the amounts found in parts a and b.

c The extra amount is
$45 000 − $38 000 = $7000.
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60 to 65 per cent of your pre-retirement income (bearing in mind that you won’t 
have to pay for expenses such as commuting, work clothes and, hopefully, 
mortgage repayments by then, and you may be entitled to a part pension and/or tax 
concessions). So, if you earn $60 000 a year now, a starting point might be to think 
of a retirement income of about $36 000 a year. Remember, these fi gures are in 
today’s dollars.

Planning for retirement is an issue that you’ll need to revise regularly, maybe with a 
fi nancial planner. The annuities formula and Finance Solver can be used to calculate 
how much money is needed under different fi nancial situations.

Andrew is aged 45 and is planning to retire at 65 years of age. He  estimates that 
he needs $480 000 to provide for his retirement. His  current  superannuation 
fund has a balance of $60 000 and is  delivering 7% p.a. compounded monthly.

a Find the monthly contributions needed to meet the retirement lump 
sum target.

b If in the fi nal ten years before retirement, Andrew doubles his monthly 
contribution calculated from a, fi nd the new lump sum amount available 
for retirement.

c How much extra could Andrew expect if the interest rate from part b 
is  increased to 9% p.a. (for the fi nal 10 years) compounded monthly? 
Round the answer correct to the nearest $1000.

THINK WRITE

a 1 Identify the initial amount (V0) 
and the fi nal amount (Vn).

a V0 = $60 000, Vn = $480 000

2 Find the number of 
payments, n, the interest rate 
per month, r, and the growth 
factor, R.

n = 20 × 12 = 240
r = 7% per annum

= 7
12

% per annum

= 0.583

R = 1 + r
100

= 1.005 83

3 Write the annuities formula 
and substitute in the values.

           Vn = V0 
Rn +

d(Rn − 1)

R − 1

   480 000 = 60 000 × 1.005 83240 +
d(1.005 83240 − 1)

(1.005 83 − 1)

   480 000 = 242 324.33 + d × 3.038 738 849

0.005 83

= 242 324.33 + d × 520.93

4 Evaluate d.    d = $456.26

5 Write a statement. The monthly contribution to achieve a retirement lump 
sum of $480 000 is $456.26.

WoRKed 
eXamPLe 2626262626262626
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Once a lump sum has been realised, the funds are transferred or rolled over to 
a suitable annuity. This annuity will then provide a regular income to live on. 
There are two options:

1. Perpetuities. As seen in the previous exercise, these annuities provide a regular 
payment forever. This has two benefits. Firstly, it will provide for the retiree no 
matter how long they live and secondly, the perpetuity could be willed to relatives 
who in turn will collect the same annuity indefinitely.

b 1 We need to find the 
balance after the first ten 
years with d = $456.26 
and n = 120. Enter the 
values into the formula and 
solve for V120.

b        Vn = V0 

Rn +
d(Rn − 1)

R − 1

V120 = 60 000 × 1.005 83120 +
456.26 × (1.005 83120 − 1)

1.005 83 − 1

= $199 551.36

2 State the values used for the 
final ten years and substitute 
them into the formula.

    V0 = $199 551.36, n = 120, R = 1.005 83 and

     d = $912.52    (2 × 456.26)

    Vn = V0 Rn +
d(Rn − 1)

R − 1

V120 = 199 551.36 × 1.005 83120 +
912.52 × (1.005 83120 − 1)

1.005 83 − 1

3 State the new value of V120.  = $558 974.01

4 Write a statement. The new lump sum will be $558 974.00.

c 1 Calculate the new 
growth factor.

c r = 9% per annum

= 9
12

% per month

= 0.75

R = 1 + r
100

= 1.0075

2 Substitute the values into the 
formula for Vn and evaluate.

      Vn = V0 
Rn +

d(Rn − 1)

R − 1

V120 = 199 551.36 × 1.0075120 +
912.52 × (1.0075120) − 1

1.0075 − 1

= $665 757.29

3 Find how much extra is 
expected by finding the 
difference between the 
two amounts.

The difference expected is  
$665 757.29 − $558 974.01 = $106 783.28.

4 Write a statement, rounding the 
answer appropriately.

If the interest rate is increased to 9% for the final  
10 years, Andrew could expect an extra $107 000, correct 
to the  nearest $1000.
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2. Annuity — reducing balance. This is the same as reducing balance loans except 
the fund manager borrows the money and pays the retiree a regular income for 
a specifi ed number of years. The main disadvantage is if the retiree outlives the 
term of the reducing balance annuity; that is, the money runs out.

Jarrod is aged 50 and is planning to retire at 55. His annual salary is $70 000 
and his employer contributions are 9% of his gross monthly income. Jarrod 
also contributes a further $500 a month as a salary sacrifi ce (that is, he pays 
$500 from his salary into the superannuation fund). The superfund has been 
returning an interest rate of 7.2% p.a. compounded monthly and his current 
balance in the superfund is $255 000.

a Calculate Jarrod’s total monthly contribution to the superannuation 
fund.

b Calculate the lump sum that he can receive for his planned retirement 
at age 55. 

Jarrod has two options for setting up an annuity to provide a regular income 
after he retires at 55.

1. A perpetuity that offers monthly payments at 8% p.a. compounded  
monthly.

2. A reducing balance annuity, also paid monthly at 8% p.a., compounded 
monthly.

c Calculate the monthly annuity using option 1. Express the annual salary 
from this option as a percentage of his current salary.

d Calculate the monthly annuity using option 2 if the fund needs to last for 
25 years. Express the annual salary from this option as a percentage of his 
current salary.

THINK WRITE

a 1 Calculate the total contributions made by 
Jarrod’s employer.

a The employer contribution is 9% of the gross 
 monthly income.

9% of 70 000
12

= 0.09 × 5833.33
= $525

2 Calculate the total monthly 
contribution made to the 
superannuation fund.

The total monthly contributions are the 
 employer contributions and Jarrod’s contribution. 
That is, $525 + $500 = $1025.

b 1 State the value of V0, d, n and R. b V0 = $255 000, d = $1025, n = 60, R = 1.006

2 Write the annuities formula and substitute 
in the values of the pronumerals.

Evaluate.

     Vn = V0 
Rn + d(Rn − 1)

R − 1

V60 = 255 000 × 1.00660 + 1025(1.00660 − 1)

1.00660 − 1
= $438 869.90

WoRKed 
eXamPLe 2727272727272727
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The treatment of superannuation in this exercise presents the basics only, but 
includes most of the mathematical techniques for analysing a retirement plan and 
understanding annuity investments. There are other issues or factors such as taxation 
laws, the effects of inflation and other sources that can contribute to a retirement plan. 
These are not required for the Further Mathematics course.

3 Write a statement. The lump sum available for retirement is 
$438 869.90.

c 1 Write the perpetuity formula and list 
the values of V0 and r.

c d =
V0 

r

100
  V0 = $438 869.90 and r = 8% p.a.

2 Substitute the values into the formula and 
find the value of the annual payment.

d = 438 869.90 × 8
100

= $35 109.59 per year

3 Calculate the monthly payment. The monthly payment is

35 109.59
12

 = $2925.80.

4 Express the yearly payment as 
a percentage of his current annual salary.

35 109.59
70 000

× 100%

  = 50.16%

5 Write a statement. The perpetuity will provide $2925.80 a month 
which is equivalent to 50.16% of his current 
 salary (in today’s value of the money).

d 1 State the values of V0, A, n and R. d V0 = $438 869.90, A = 0, n = 300(25 × 12),
R = 1.006

2 Write the annuities formula and substitute 
in the values.

Vn = V0 
Rn − d(Rn − 1)

R − 1

      0 = 438 869.90 × 1.006300 − d(1.006300 − 1)

1.006 − 1

3 Calculate the monthly payment. d = $3387.27
The monthly payment is $3387.27.

4 Express the yearly payment as 
a percentage of his current annual salary.

The yearly payment will be $3387.27 × 12
= $40 647.24.

As a percentage of his current annual salary,

40 647.24
70 000

× 100% = 58.07%

5 Write a statement. The reducing balance annuity will provide  
$3387.27 a month which is equivalent to  
58.07% of his current salary (in today’s value  
of the money).
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Annuity investments
1 WE23  Clifford invested $7000 in a managed fund that will earn on average 10% 

p.a. over a 3 year period with interest calculated monthly. If Clifford contributes 
$150 at the start of each month after the initial investment, complete the table to 
find the value of his investment at the end of the fifth month.

Time period Principal ($) Interest earned ($) Balance ($)

1 7000

2

3

4

5

2 Pauline invested $10 000 in a fund that will earn on average 12% p.a. over 
a 1 year period with interest calculated monthly. If Pauline contributes $200 at 
the start of each month after the initial investment, complete the table to find the 
value of her investment at the end of the sixth month.

Time period Principal ($) Interest earned ($) Balance ($)

1 10 000

2

3

4

5

6

3  WE24  An initial deposit of $5000 was made on an investment taken out over 
10 years at a rate of 7.5% p.a. (interest calculated monthly) and an additional 
deposit of $100 is made each month. Complete the table below for the first five 
deposits and calculate how much interest had been earned over this time.

n  +  1 Vn d Vn  +  1

1 $5000

2

3

4

5

4 An initial deposit of $10 000 was made on an investment taken out over 7 years 
at a rate of 8% p.a. (interest calculated monthly) and an additional deposit of 
$150 is made each month. Complete the table below for the first five deposits and 
calculate how much interest had been earned during the fifth month.

EXERCISE 7.8

PRACTISE
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n  +  1 Vn d Vn  +  1

1 $10 000

2

3

4

5

5 WE25  Sharyn has $2500 in a savings account that is averaging an interest rate 
of 6.5% p.a. compounded annually. She wants to calculate the amount she will 
 receive in 5 years when she plans to buy a car.

a If she deposits $6500 each year, find (correct to the nearest $1000) the amount 
 available for her car.

b If she places her $2500 and deposits $8000 each year into a different savings 
account that can offer 7% p.a. compounded annually, find (correct to the nearest 
$1000) the amount available for her car.

c Calculate the extra amount saved by investing $8000 each year at 7% p.a. 
 compared with $6500 each year at 6.5% p.a.

6 Rhonda has $4000 in a savings account that is averaging an interest rate of 
5.5% p.a. compounded annually. She wants to calculate the amount she will 
receive in 5 years when she plans to go on a holiday.

a If she deposits $6000 each year, find (correct to the nearest $1000) the amount 
 available for her car.

b If she places her $4000 and deposits $8000 each year into a different savings 
account that can offer 6.5% p.a. compounded annually, find (correct to the 
nearest $1000) the amount available for her car.

c Calculate the extra amount saved by investing $8000 each year at 7% p.a. 
 compared with $6000 each year at 5.5% p.a.

7 WE26  Peter is 48 and is planning to retire at 65 years of age. He estimates that he 
needs $550 000 to retire at 65. His current superannuation fund has a balance of 
$55 000 and is delivering 8% p.a. compounded monthly.

a Find the monthly contributions needed to meet the retirement lump sum target.
b If in the final ten years before retirement Peter doubles his monthly contribution 

calculated from a, find the new lump sum amount available for retirement.
c How much extra could Peter expect if the interest rate from part b is increased 

to 10% p.a. (for the final 10 years) compounded monthly? Round the answer 
correct to the nearest $1000.

8 Patricia is 54 and is planning to retire at 65 years of age. She estimates that she 
needs $600 000 to retire at 65. Her current superannuation fund has a balance of 
$115 000 and is delivering 9.5% p.a. compounded monthly.

a Find the monthly contributions needed to meet the retirement lump sum target.
b If in the final five years before retirement Patricia doubles her  monthly 

 contribution calculated from a, find the new lump sum amount available 
for retirement.

c How much extra could Patricia expect if the interest rate from part b is 
 increased to 11% p.a. (for the final 5 years) compounded monthly? Round 
the answer correct to the nearest $1000.
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9 WE27  George is 50 and has an ambitious plan to retire at age 55. His annual salary 
is $85 000 and his employer contributions are 9% of his gross monthly income. 
George also contributes a further $400 a month as a salary sacrifice (that is, he 
pays $400 from his salary into the superannuation fund). The superfund has 
been returning an interest rate of 8.7% p.a. compounded monthly and his current 
balance in the superfund is $230 000.

a Calculate the total monthly contributions to George’s superannuation fund.
b Calculate the lump sum that he can receive for his planned retirement at age 55.

George has two options for setting up an annuity to provide a regular income after 
he retires at 55.

1. A perpetuity that offers monthly payments at 9% p.a., compounded monthly.
2.  A reducing balance annuity, also paid monthly at 9% p.a.,  compounded  

monthly.
c Calculate the monthly annuity using option 1. Express the annual salary from 

this option as a percentage of his current salary.
d Calculate the monthly annuity using option 2 if the fund needs to last 

32 years. Express the annual salary from this option as a percentage of his 
 current salary.

10 Katrina is 48 and hopes to retire at age 53. Her annual salary is $78 000 and 
her employer contributions are 12% of her gross monthly income. Katrina also 
contributes a further $500 a month as a salary sacrifice (that is, she pays $500 
from her salary into the superannuation fund). The super fund has been returning 
an interest rate of 9.8% p.a. compounded monthly and her current balance in the 
super fund is $180 000.

a Calculate Katrina’s total monthly contribution to the superannuation fund.
b Calculate the lump sum that she can receive for her planned retirement 

at age 53.

Katrina has two options for setting up an annuity to provide a regular income 
after she retires at 53.

1.  A perpetuity that offers monthly payments at 10.5% p.a., compounded  
monthly.

2.  A reducing balance annuity, also paid monthly at 10.5% p.a.,  compounded  
monthly.

c Calculate the monthly annuity using option 1. Express the annual salary from 
this option as a percentage of her current salary.

d Calculate the monthly annuity using option 2 if the fund needs to last 
26 years. Express the annual salary from this option as a percentage of her 
 current salary.

11 An initial deposit of $20 000 was made on an investment taken out over 3 years 
at a rate of 6% p.a. (interest calculated monthly), and an additional deposit of 
$200 is made each month. Complete the table below for the first five deposits and 
calculate the amount of interest that was earned:

a in the second month
b in the fifth month
c over the first five months.

CONSOLIDATE
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n  +  1 Vn d Vn  +  1

1 $20 000

2

3

4

5

12 Barbara currently has $60 000 in an investment account that is averaging an 
 interest rate of 6% p.a., compounded annually. She wants to calculate the amount 
that she will receive after 20 years.

a If she deposits $9000 each year, find (correct to the nearest $1000) the amount 
 available for her after 20 years.

b If she places her $60 000 and increases her deposits to $10 000 each year into 
a different savings account that can offer 8% p.a. compounded annually, find 
(correct to the nearest $1000) the amount available for her after 20 years.

c Calculate the extra amount saved by investing $10 000 each year at 8% p.a. 
compared with $9000 each year at 6% p.a.

13 Justin is aged 38 and is planning to retire at 60 years of age. He estimates that he 
needs $680 000 to provide for his retirement. His current superannuation fund has 
a balance of $40 000 and is delivering 5% p.a. compounded monthly.

a Find the monthly contributions needed to meet the retirement lump sum target.
b If in the final ten years before retirement, Justin doubles his monthly 

 contribution calculated from a, find the new lump sum amount target for his 
retirement.

c How much extra could Justin expect if the interest rate from part b is increased 
to 8% p.a. compounded monthly (for the final 10 years)? Round the answer 
correct to the nearest $1000.

14 Find the contributions required to meet the 
following superannuation goals.

a A final payout of $800 000 if the current 
balance is $300 000 with 10 years to go, 
in a superannuation fund delivering 6% 
p.a. compounded annually. Contributions 
are to be paid once a year.

b A final payout of $375 000 if the current 
sum is $60 000 with 20 years to go. The 
contribution is paid monthly into a fund 
averaging 8.4% p.a. compounded monthly.

c A final payout of $1 million if the current sum is $160 000 with 20 years 
to go. The contribution is paid monthly into a fund averaging 8.4% p.a. 
 compounded monthly.

15 For each of the superannuation plans in question 14, find:

i the total contributions made during the period stated
ii the interest earned during the period stated.
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16 A superannuation plan for the past 30 years has had the following four stages. 
Calculate the total amount in the superannuation fund at the end of each stage.

a Stage 1: An initial amount of $0 earning interest at 4% p.a. compounded 
 annually with annual contributions of $3000 for ten years.

b Stage 2: The final balance from Stage 1 now earning interest at 6% p.a. 
 compounded monthly with monthly contributions of $600 for twelve years.

c Stage 3: The final balance from Stage 2 now earning interest at 12% p.a. 
 compounded monthly with monthly contributions of $1000 for two years.

d Stage 4: The final balance from Stage 3 now earning interest at 9% p.a. 
 compounded monthly with monthly contributions of $1000 for the final 
six years.

17 Mr Rookie is aged 25 and is planning to retire at 55 years of age. He estimates 
that he needs $880 000 to provide for his retirement. His current superannuation 
fund has a balance of $600 and is delivering 7% p.a. compounded monthly.

a Find the monthly contributions needed to meet the retirement lump sum target.
b If in the final ten years before retirement, Mr Rookie adds a further $300 to 

his monthly contribution calculated from a, calculate the new lump sum for 
retirement.

18 Jomar is aged 48 and is planning to retire at 55. His annual salary is $50 000 
and his employer contributions are 9% of his gross monthly income. Jomar also 
contributes a further $440 a month as a salary sacrifice. The superannuation fund 
has been returning an interest rate of 9.6% p.a. compounded monthly and his 
current balance in the fund is $110 000.

a Calculate the total monthly contribution to the superannuation fund.
b Calculate the lump sum that he can get when he retires at age 55.

Jomar has two options for setting up an annuity to provide a regular income 
after he retires at 55.
1. A perpetuity that offers monthly payments at 10% p.a. compounded monthly
2.  A reducing balance annuity also paid monthly at 9% p.a. 

 compounded monthly
c Calculate the monthly annuity using option 1. Express the annual salary from 

this option as a percentage of his current salary.
d Calculate the monthly annuity using option 2 if the fund needs to last for 

20 years. Express the annual salary from this option as a percentage of his 
 current salary.

e Choose the better option and explain why.

19 Find the annual salary in retirement for the following 
investments.

a An initial amount of $30 000 earning 7.65% p.a. with 
annual contributions of $10 000 for the next 27 years. 
The retirement income comes from a perpetuity fund 
offering 6.4% p.a.

b An initial amount of $300 000 earning 9.4% p.a. 
with annual contributions of $12 000 for the next 
5 years. The retirement income is paid monthly from 
a reducing balance annuity that has a term of 15 years 
offering 10% p.a.  compounded monthly.
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c An initial amount of $0 earning 7.2% p.a. compounded monthly with monthly 
contributions of $1200 for the next 15 years. The retirement income is paid 
monthly from a reducing balance annuity that has a term of 20 years offering 
8% p.a. compounded monthly.

20 Claire is aged 48 and is planning to retire at 65. Her annual salary is $60 000 
and her employer contributions are 10% of her gross monthly income. The 
superannuation fund has been returning an interest rate of 9.6% p.a. compounded 
monthly. Claire’s current balance is $92 200 which she wants to grow to $800 000. 
The extra amount that Claire will have to contribute each month to ensure this 
final payout is achieved is closest to:

A $0 B $1990 C $650 D $150 E $240

21 Lee has $80 000 in an investment with monthly contributions of $850 earning an 
interest rate of 8% p.a., interest debited quarterly. Lee is aged 42 and wishes to 
retire at 60 years of age.

Which of the following equations should he use to find the final value of the 
investment?

A V72 = 80 000 × 1.0872 +
850(1.0872 − 1)

(1.08 − 1)

B V72 = 80 000 × 1.0272 +
2550(1.0272 − 1)

(1.02 − 1)

C V72 = 80 000 × 1.0272 +
850(1.0272 − 1)

(1.02 − 1)

D V18 = 80 000 × 1.0818 +
2550(1.0818 − 1)

(1.08 − 1)

E V72 = 80 000 × 1.0272 +
3440(1.0272 − 1)

(1.02 − 1)

22 Use CAS to calculate the 
unknown value in each of the 
following annuity investments.

a A superannuation fund’s 
performance is often measured 
by the interest rate returned on 
superannuation investments. 
What is the required interest 
rate  compounded monthly, if a 
current balance of $100 000 is 
to mature to $800 000, if there 
is 20 years to go with monthly 
contributions of $408 per month?

b A fund that returned 5.2% p.a. compounded monthly had grown from $25 000 
to $250 000 where the monthly contributions to the fund were $600. How long 
did it take for this fund to achieve this?

c An investment account has a current balance of $156 000, which has had $6100 
annual contributions earning 6% p.a. compounded annually. What was the initial 
amount in the account 8 years ago?

MASTER
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ONLINE ONLY  7.9 Review www.jacplus.com.au

The Maths Quest Review is available in a customisable 
format for you to demonstrate your knowledge of this 
topic.

The Review contains:
• Multiple-choice questions — providing you with the 

opportunity to practise answering questions using 
CAS technology

• Short-answer questions — providing you with the 
opportunity to demonstrate the skills you have 
developed to ef� ciently answer questions using the 
most appropriate methods

• Extended-response questions — providing you with 
the opportunity to practise exam-style questions.

A summary of the key points covered in this topic is 
also available as a digital document.

REVIEW QUESTIONS
Download the Review questions document from 
the links found in the Resources section of your 
eBookPLUS. 

studyON is an interactive and highly visual online 
tool that helps you to clearly identify strengths 
and weaknesses prior to your exams. You can 
then con� dently target areas of greatest need, 
enabling you to achieve your best results.

ONLINE ONLY Activities
To access eBookPLUS activities, log on to

www.jacplus.com.au

Interactivities
A comprehensive set of relevant interactivities 
to bring dif� cult mathematical concepts to life 
can be found in the Resources section of your 
eBookPLUS.
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7 Answers
EXERCISE 7.2
1 n  +  1 Vn d Vn  +  1

1 $25 000 $271.32 $24 843.26

2 $24 843.26 $271.32 $24 685.80

3 $24 685.80 $271.32 $24 527.62

4 $24 527.62 $271.32 $24 368.72

5 $24 368.72 $271.32 $24 209.09

2 n  +  1 Vn d Vn  +  1

1 $10 000 $528.71 $9671.29

2 $9671.29 $528.71 $9336.01

3 $9336.01 $528.71 $8994.02

4 $8994.02 $528.71 $8645.19

5 $8645.19 $528.71 $8289.38

Paul owes $8289.38 after 5 payments.

3 $41.54

4 −$35.06

5 a $156.39 b $253.36

6 a $106.68 b $160.35

7 a $365.84

b  i $259.59, $106.25   ii   $339.75, $26.09

8 a $190.83

b  i $153.09, $37.74       ii $181.36, $9.47

9 a Vn  +   1 = Vn 1 + 13
2400

 − 341.54, V0 = 23 000

b $22 345.60

10 a Vn  +   1 = Vn 1 + 1
100

 − 261, V0 = 2000

b $1021.45

c $3.16

11 a $59 633.49 b $49 884.16 c $32 172.59

12 a $46 102.98 b $36 196.88 c $19 556.12

13 a $27 564.36 b $29 291.80 c $30 958.81

14 a C b B

15 D

16 a i $548.22    ii $1157.28

b i $381.60    ii $1737.60

c i $298.62    ii $2333.76

d i $271.07    ii $2637.78

17 a i $253.92     ii $170 076.80

b i $507.97     ii $170 144.40

c i $1101.28       ii $170 307.20

d i $3311.33       ii $170 906.40

18 A, D

19 a $323.73

b i $46.23, $277.50      ii   $299.28, $24.45

20 $38 231.10

EXERCISE 7.3
1 a 16 years and 8 months b $34 904

2 16 months

3 n ≈ 8 months

4 n ≈ 15 months

5 a n ≈ 16 months b n ≈ 22 months

6 a n ≈ 22 months b n ≈ 28 months

7 a $363.25 b n ≈ 55 months

c $3477.50 d $317.50

8 a $225.49 b n ≈ 118 fortnights

c $3910 d $403.70 

9 a n ≈ 29 quarters 71
4  

years

b $5937.89

c $44.41

10 a 6 
3
4
 years b $4259.02 c $190.26

11 a n = 18, 1 
1
2
 years  b $214.30

12 a n = 7, 1 
3
4
 years        b $529.03

13 a n = 24, 2 years      b 5 years

14 a n = 36, 3 years      b 5 years

15 D

16 B

17 a i 2 years ii 3 
1
2
 years

b i 3
4
 year ii 1 

1
4
 years

18 a $384.65

b i 10 years ii 13 years

   iii   23 years        iv     24 
1
2
 years

i ii iii iv

c $19 356.40 $25 867.48 $49 870.60 $53 752.60

d $22 959.60 
less

$16 448.52 
less

   $7554.60 
more

$11 436.00 
more

19 

20 D

21 E

22 a $21 164.60        b $441.40

i ii iii

a 9 years $9433.28 $585.92

b 8 years $8861.68 $1157.52
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EXERCISE 7.4
1 a $756.48

b 

Payment  
no.

Principal 
outstanding  

($)
Interest  
due ($)

Payment  
($)

Loan 
outstanding  

($)

 1 8000 160 756.48 7403.52

 2 7403.52 148.07 756.48 6795.11

 3 6795.11 135.90 756.48 6174.53

 4 6174.53 123.49 756.48 5541.54

 5 5541.54 110.83 756.48 4895.89

 6 4895.89 97.92 756.48 4237.33

 7 4237.33 84.75 756.48 3565.60

 8 3565.60 71.31 756.48 2880.43

 9 2880.43 57.61 756.48 2181.56

10 2181.56 43.63 756.48 1468.71

11 1468.71 29.37 756.48 741.60

12 741.60 14.83 756.48 −0.04

2 a $691.17

b 

Payment  
no.

Principal 
outstanding  

($)
Interest  
due ($)

Payment  
($)

Loan 
outstanding  

($)

 1 7500 118.75 691.17 6927.58

 2 6927.58 109.69 691.17 6346.10

 3 6346.10 100.48 691.17 5755.41

 4 5755.41 91.13 691.17 5155.36

 5 5155.36 81.63 691.17 4545.82

 6 4545.82 71.98 691.17 3926.63

 7 3926.63 62.17 691.17 3297.63

 8 3297.63 52.21 691.17 2658.67

 9 2658.67 42.10 691.17 2009.60

10 2009.60 31.82 691.17 1350.24

11 1350.24 21.38 691.17 680.45

12 680.45 10.77 691.17 0.06

c $794.10

3 a i Term of loan = 5 years

ii $217.37

b i Term of loan = 4 years 25 fortnights

ii $149.63

4 a i Term of loan = 6 years

ii $246.17

b i Term of loan = 5 years 25 fortnights

ii $164.36

5 a $4176 b $4025.27 c $3984.35

6 a $6008.48 b $5825.22 c $5775.40

7 a $5496.40

b i Term = 5 years and 2 months

ii $6292.40

8 a $2834.88

b i Term = 4 years and 2 months

ii $8120.60

9 a $22 125.28 b 10 
1
4
years c $1070.37

10 a $19 156.45

b Term = 8 years + 2 months

c $660.18 more

11 a $145          b Jodie made a loss of $220.

12 a $312.50    b Profit = $1750

13 a $523.66

b 

Payment  
no.

Principal 
outstanding  

($)
Interest  
due ($)

Payment  
($)

Loan 
outstanding  

($)

 1 2000 37.50 523.66 1513.84

 2 1513.84 28.38 523.66 1018.56

 3 1018.56 19.10 523.66 514.00

 4 514.00 9.64 523.66 −0.02

c $514.00

d $2094.62

e $94.62

14 a $647.06

b 

Payment  
no.

Principal 
outstanding  

($)
Interest  
due ($)

Payment  
($)

Loan 
outstanding  

($)

 1 3750 37.50 647.06 3140.44

 2 3140.44 31.40 647.06 2524.78

 3 2524.78 25.25 647.06 1902.97

 4 1902.97 19.03 647.06 1274.94

 5 1274.94 12.75 647.06 640.63

 6 640.63 6.41 647.06 −0.02

c $322.75
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d 

Payment  
no.

Principal 
outstanding  

($)
Interest  
due ($)

Payment  
($)

Loan 
outstanding  

($)

 1 3750 18.75 322.75 3446.00

 2 3446.00 17.23 322.75 3140.48

 3 3140.48 15.70 322.75 2833.43

 4 2833.43 14.17 322.75 2524.85

 5 2524.85 12.62 322.75 2214.71

 6 2214.71 11.07 322.75 1903.05

 7 1903.05 9.52 322.75 1589.81

 8 1589.81 7.95 322.75 1275.01

 9 1275.01 6.38 322.75 958.64

10 958.64 4.79 322.75 640.68

11 640.68 3.20 322.75 321.13

12 321.13 1.61 322.75 −0.01

e Monthly: $122.99, Bi-monthly: $132.34

The interest paid on the monthly payments is almost 
$10 less than the interest paid on the bi-month-
ly payments.

15 a 10 years, A119 = $102.61

b 9 years 24 fortnights, A257 = $185.59

16 

17 C

18 B

19 a $5414.60

b i 5 years 2 months ii $6333.26

c i 5 years 4 months ii $7331.64

20 a i $49 139.65 ii $15 959.17

b i 16 years 9 fortnights

      ii   15 years 1 fortnight

c $58 728.80

   i   $9663.89 more ii $194.87 more

21 A

22 C

23 a $1260 b $6960

24 A

EXERCISE 7.5
1 a i $250 ii $212.27

b i $5000 ii $2736.20

2 a i $330.32

ii $275.99

b i $10 196.55

ii $5633.16

3 a $273.74 b $8848.80 c 3.69% p.a.

4 a $343.34 b $6840.56 c 4.44%.

5 a $10 995 b $15 707.14 c $11 292.86

6 A

7 a i $362.50 ii $450

b i $311.38 ii $363.98

8 

9 

10 

11 

12 

13 a $14 400 b $533.33

c 4 
3
4
 years d $8194.04

14 B

15 a $1315.72 b $1788.64 c 4.26% p.a.

16 C

17 a $272.06 b $24 735.60 c 5.38% p.a.

18 

Frequency
Total 

interest ($) Saving ($)

a Half-yearly 6014.80 –

b Quarterly 5707.11 $307.69 saving on 
half-yearly

c Monthly 5496.63 $518.17 saving on 
half-yearly

d Fornightly 5440.38 $574.42 saving on 
half-yearly

a b

i  $6 750 $3 682.80

ii $24 000 $13 677.60

a b

i $786.67 $733.44

ii $1575 $1281.51

a b

i  $1 440 $801.28

ii $22 400 $13 008.32

i ii

a  $305 $279.65

b $1320 $711.60

i ii iii iv

a   $6 300 $338.33 4 yrs 2 mths $3 475.29

b   $8 400 $490 4 yrs 3 mths $4 586.57

c $216 000 $1275 10 
1
4
 yrs $149 189.70

i ii

a $75 356.80 $41 864.89

b $97 384.80 $54 102.67

c $62 604 $34 780
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EXERCISE 7.6
1 11.5%

2 14.8%

3 12.13%

4 a i $32.79 ii $936.96

iii $61.96 iv 8.30%

b i $467.22       ii    $30 033.20

iii $6043.20 iv 10.47%

c i $39.04 ii $568.48

iii $18.48 iv 7.76%

d i $43.32 ii $1089.68

iii $69.68 iv 6.96%

5 a 18.41% b 20.05%

6 $134.46

7 13.30%

8 7.76%

9 A

10 A

11 D

12 a 22.33% b 24.96%

 c $1029.60 d $200.60

13 The effective annual interest rate of 9.3% is the better 
option (the compound interest rate has an effective annual 
interest rate of 9.38%).

14 8.84%

EXERCISE 7.7
1 B

2 D

3 a $3600 b 6.4 %  p.a.

c $3680.27 d 6.37 %

4 a $7125 b 6.4 %  p.a.

c $7314.12 d 6.37 %

5 $320 000

6 $106 666.67

7 B

8 a $16 000 per year

b $3000 per quarter

9 a $1000 per month

b $30 000 per quarter

10   (8)   a    N: = 1 
 I%: = 4 
 PV: = −400 000 
 Pmt: = 16 000 
 FV: = 400 000 
 PpY: = 1 
 CpY: = 1 
 PmtAt: = END

b N: = 1 
I%: = 4 
PV: = −300 000 
Pmt: = 3000 
FV: = 300 000 
PpY: = 4 
CpY: = 4 
PmtAt: = END

10   (9)   a    N: = 1 
 I%: = 12 
 PV: = −100 000 
 Pmt: = 1000 
 FV: = 100 000 
 PpY: = 12 
 CpY: = 12 
 PmtAt: = END

b N: = 1 
I%: = 6 
PV: = −2 000 000 
Pmt: = 30 000 
FV: = 2 000 000 
PpY: = 4 
CpY: = 4 
PmtAt: = END

11 a $3200 per year  b     6.25%

c $48.32 d 6%

12 $17 088.13

13 a 1.25% b 2.40%

c 7.50% d 5.20%

14 a N: = 1 
 I%: = 1.25 
 PV: = −400 000 
 Pmt: = 5000 
 FV: = 400 000 
 PpY: = 1 
 CpY: = 1 
 PmtAt: = END

b N: = 1 
I%: = 2.4 
PV: = −500 000 
Pmt: = 1000 
FV: = 500 000 
PpY: = 12 
CpY: = 12 
PmtAt: = END

c N: = 1 
I%: = 7.5 
PV: = −800 000 
Pmt: = 30 000 
FV: = 800 000 
PpY: = 2 
CpY: = 2 
PmtAt: = END

d N: = 1 
I%: = 5.2 
PV: = −100 000 
Pmt: = 200 
FV: = 100 000 
PpY: = 26 
CpY: = 26 
PmtAt: = END

15 a N: = 1 
 I%: = 1.242895218 
 PV: = −400 000 
 Pmt: = 5000 
 FV: = 400 000 
 PpY: = 1 
 CpY: = 12 
 PmtAt: = END 
 r= 1.24% p.a.

b N: = 1 
I%: = 2.426576795 
PV: = −500 000 
Pmt: = 1000 
FV: = 500 000 
PpY: = 12 
CpY: = 1 
PmtAt: = END  
r= 2.43% p.a.

c N: = 1 
I%: = 7.430975749 
PV: = −800 000 
Pmt: = 30 000 
FV: = 800 000 
PpY: = 2 
CpY: = 4 
PmtAt: = END 
r= 7.43% p.a.

d N: = 1 
I%: = 5.20606734 
PV: = −100 000 
Pmt: = 200 
FV: = 100 000 
PpY: = 26 
CpY: = 12 
PmtAt: = END 
r= 5.21% p.a.

16 $66 666.67

17 E

18 a $20 000 b $222 222.22

c $60 000 d $48 000
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EXERCISE 7.8
1 $7909.18

2 $11 645.60

3 n  +  1 Vn d Vn  +  1

1 $5000 $100 $5131.25

2 $5131.25 $100 $5263.32

3 $5263.22 $100 $5396.22

4 $5396.22 $100 $5529.95

5 $5529.95 $100 $5664.51

 $164.51

4 n  +  1 Vn d Vn  +  1

1 $10 000 $150 $10 216.67

2 $10 216.67 $150 $10 434.78

3 $10 434.78 $150 $10 654.35

4 $10 654.35 $150 $10 875.38

5 $10 875.38 $150 $11 097.88

 $72.50

5 a $40 000

b $50 000

c $10 000

6 a $39 000

b $51 000

c $12 000

7 a $779.71

b $692 646.51

c $124 000

8 a d = $1185.65

b $690 610.64

c $47 000

9 a $1037.50 b $432 423.72

c 45.79% d 48.54%

10 a $1280 b $391 830.07

c 52.75% d 56.47%

11 n  +  1 Vn d Vn  +  1

1 $20 000 $200 $20 300

2 $20 300 $200 $20 601.50

3 $20 601.50 $200 $20 904.51

4 $20 904.51 $200 $21 209.03

5 $21 209.03 $200 $21 515.08

 a $101.50 b $106.05 c $515.08

12 a $523 000 b $737 000 c $214 000

13 a $1168.46 b $861 442.14 c $238 000

14 a $19 933.98 per year      b $88.74 per month

c $236.64 per month

15 a i $199 339.80   ii $300 660.20

b i $21 297.60   ii $293 702.40

c i $56 793.60   ii $783 206.40

16 a $36 018.32 b $199 954.70

c $280 862.88 d $575 999.51

17 a $717.34 b $931 925.99

18 a $815

b $311 900.16

c $2599.17 per month, 62.4%

d $2806.25 per month, 67.4%

e Answers will vary.

19 a $66 904.69 b $69 958.08

c $38 848.08

20 D

21 B

22 a 8.5%

b Approximately 16 years and 8 months

c $59 996.59
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